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Abstract 
 
Mexico has a high prevalence of stunting in children and adolescents, due to poor 
nutrition. Paradoxically, too many Mexican children and adolescents are currently 
overweight or obese (OW/OB). The dual-burden of stunting (low height for age) 
and OW/OB are nutritional conditions that increase the risk of developing chronic 
degenerative diseases in adulthood. The persistence of high levels of stunting in 
southern regions of Mexico, such as Yucatan, may be due to diet changes 
(nutrition transition) that Yucatecan population has experienced in recent years. 
Vitamins, such as folic acid (FA) and VB12 are micronutrients necessary for 
normal metabolism and growth. The relationships between the intake of these 
micronutrients and growth rate were identified. The impact of micronutrient 
consumption on body composition was also investigated. The sample population 
comprised 273 adolescents (152 females) aged 10-18 years, from Merida, 
Mexico. Dietary information was obtained using a food frequency questionnaire 
(FFQ) covering 106 local foods. Anthropometric and body composition 
measurements were taken, and socioeconomic data were gathered. Data were 
collected between September 2011 and July 2012. Over 50% of participants had 
inadequate consumption of both vitamins: 64% had inadequate intake of FA and 
69% of VB12. Almost half (46.9%) were either short or stunted, and 33% were at 
risk of OW/OB. A higher risk of presenting OW/OB was found for participants with 
FA intake less than the RDI of 400 µg/day and for those with VB12 intake less than 
the RDI of 2.4 µg/day. No relationship was found between body fat percentage 
and the consumption of FA or VB12. 
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Chapter 1 Back ground 
According to the World Health Organization (WHO), nutrition is a significant factor 
that determines physical and mental welfare throughout human life  (World Health 
Organization, 2012).  The WHO has reported that there are approximately 1.6 
billion children under the age of 15 and 400 million adults that are victims of poor 
nutrition, and these figures are predicted to increase threefold in 2015 (World 
Health Organization/Food and Agriculture Organization, 2007; FAO, 2012). One 
of the most prevalent consequences of poor nutrition in the world is anaemia, a 
diminution in the number of red blood cells (RBCs) as well as a reduction of the 
quantity of haemoglobin in the blood. Anaemia can be caused by a deficiency in 
one or several micronutrients such as iron, folic acid (FA) and vitamin B12 (VB12) 
(Kotecha, 2011).  Malnourishment and poor nutrition have a cognitive impact on 
affected humans that can cause some irreversible effects in the areas of health 
and education and hence to society (Vinod-Kumar and Rajagopalan, 2006) . 
According to the WHO, the most common nutrient deficiencies worldwide are 
associated with vitamin A, iron, zinc and iodine, affecting around two billion people  
(World Health Organization/Food and Agriculture Organization, 2007). 
Deficiencies related to other nutrients are not well quantified; however, it is known 
that micronutrient deficiencies include folate (F) and the vitamin B complex (VBC) 
(Allen and Benoist, 2006). 
Deficiencies of F and VBC cause  megaloblastic anaemia, which is associated 
with poor physical growth in infants and children, heart disease, cancer, poor 
neurobehavioral performance, neural tube defects (NTD) in products of pregnant 
women, and neurological deterioration in adulthood (Allen et al., 2006; De 
Benoist, 2008; Crider et al., 2011)  
Changes in nutrition, cultural values and the socioeconomic status of a society 
may be reflected in the physical and mental health of its population (Fox, 1999; 
WHO, 2012). One of the most far-reaching biosocial changes taking place in the 
world today is nutrition transition.  The meaning of ‘nutrition transition’ is defined in 
detail below, but a simple explanation is the shift from traditional, locally produced 
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foods to highly processed and globally sourced foods and determinants of dietary 
changes. Nutrition transition has strong impacts, especially on rural areas and 
rural-to-urban migrants in developing countries. These groups of people are 
generally of low socioeconomic status (SES), and their diet and health are at risk 
from changes in culture and lifestyle due to the shift from a traditional diet to a 
globalized diet (Varela-Silva et al., 2007).  
In view of this, the aim of this PhD research is to study the influence of folic acid 
and VBC ingestion on the amount and rate of growth and body composition in a 
group of individuals of 10 to 18 years of age from Merida, Yucatán, Mexico. This 
is important research because folic acid and VBC are essential nutrients for cell 
metabolism and multiplication and tissue growth. Furthermore, they are vital 
during pregnancy and ultimately in the prevention of diseases such as 
cardiovascular diseases, neurologic systems and cancer (Nantel and Tontisirin, 
2001; World Health Organization/Food and Agriculture Organization, 2007). 
 
1.1 Nutrition Transition 
Current paleontological and genetic evidence has indicated that the earliest 
ancestors of modern humans (Homo sapiens) evolved from Africa more than four 
million years before the present (YBP). The oldest modern human fossils date 
from at least 195,000 YBP (McDougall et al., 2005). It is claimed that, for 99% of 
human history, our ancestors lived as foragers, gathering and hunting wild foods 
(Klein, 2009). 
The domestication of animals may have begun about 15,000 YBP, followed later 
by plant domestication (Popkin, 2001; Takács-Sánta, 2004). By about 8,000 YBP 
hunter-gatherer societies began to develop agricultural practices, changing their 
ways of food production (including the storing of surplus food).The result was a 
change in human biology (Takács-Sánta, 2004). The beginning of food 
production, along with a more sedentary lifestyle, caused modifications to the 
biosphere due to the use of fire and the clearance of forest and, later, due to the 
development of civilization and scientific technology (Takács-Sánta, 2004).   
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This change is usually called the Neolithic transition and it is defined as the shift 
experienced by some human societies  from the hunter-gatherer economy of the 
Palaeolithic period to the agricultural activities of the Neolithic (Fort, 2012). During 
the next several thousand years, agricultural production intensified and altered the 
way people ate and lived, for example, diets became less diverse and people 
lived in denser, urban settlements (FAO, 2004). According to Popkin (2002), the 
occurrence of demographic and epidemiological transition, and changes in food 
and nutrition from 1820 to 1840, were all associated with the industrial revolution; 
a transition from manual labour to the use of machines (Popkin, 2002a; Cordain et 
al., 2005). 
The world is currently undergoing a new nutritional transition from local fresh 
foods to industrially produced processed foods that are high in calories and low in 
nutrients. This nutritional imbalance is manifested in diets containing high sugar, 
low fibre and deficient in micronutrients such as F and VBC. As a consequence of 
this transitions, Wadley and Martin (1993 cited in O’Neil 2009) stated that the diet 
of most current human groups is fundamentally different from that of closely 
related primates, and almost certainly also different from early hominids (O’Neil, 
2009). This kind of diet has been associated with high levels of chronic and 
degenerative diseases and most cardiovascular disorders that occur in adulthood, 
such as hyperlipidaemia, hypertension and glucose intolerance (Olaiz-Fernandez 
et al., 2006).  
According to the International Centre for Tropical Agriculture (CIAT), 2014, human 
diets worldwide have grown ever more similar, because more people consume 
more calories, fat, and proteins from a more limited range of food sources, due to 
the industrialization of the food, among other things. Today, the lists of food crops 
are dominated by wheat, maize, soybean, rice and potatoes, and humans depend 
on these along with meat and dairy products from beef, pork, chicken, mutton and 
lamb, for most of their food. While these foods help to combat world hunger, this 
type of narrow variety of the diet restricts the consumption of vegetables and other 
nutritious cereals. This situation has occurred over the last five decades (Hansen-
Kuhn et al., 2012; Geis et al., 2014). 
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Popkin (2001) has reviewed the details of each of these transitions and their 
major effects on human diet, lifestyles and health (Figure 1).   
 
 
Figure 1 Stage of Health, Nutrition and Demographic Change. 
Sources: Popkin, 2002 
 
According to Popkin (2002), demographic, epidemiologic and nutrition transitions 
are correlated stages of progression. However, demographic and epidemiological 
transitions do not lead to nutrition transition (Figure 1). 
Demographic transition is a process of change identified by high and lower 
mortality and fertility rates, eating habits and lifestyle choices (Cesare, 2007). This 
change occurs when a mainly rural, agrarian society becomes an urban society, 
based in the industrial production of goods and the offer of services. Higher 
mortality rates (mainly mortality due to infectious and parasitic diseases) and 
lower fertility occur with technological modernization, and with a more urbanized 
and industrialized society. Also better jobs for women, access to methods of 
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fertility control, increased levels of education and other socioeconomic traits 
contribute to lifestyle changes in humans (Cesare, 2007; Cohen, 2009).   
The epidemiological transition is the shift away from a higher prevalence of 
infectious diseases such as smallpox and plagues associated with malnutrition, 
periodic famine and poor environmental sanitation (Popkin, 2002a; Popkin and 
Gordon-Larsen, 2004). Epidemiological transition is associated with a complex 
process that has adverse effects on health, related to chronic diseases and under 
nutrition, on a diverse world population (Popkin, 2002a; Popkin and Gordon-
Larsen, 2004; Durán, 2005). 
The high prevalence of chronic and degenerative disease is also linked to longer 
life and urban-industrial lifestyle (Popkin and Gordon-Larsen, 2004) (Figure.1). 
Every year 318 in every million people die in Mexico from cardiovascular disease 
and diabetic illness (Appel et al., 2013). The nutrition transition is associated with 
changes in eating patterns and physical activity that have an impact on the 
average height and body composition (Popkin, 2002a). In Merida, life style is 
affected by long hours with fewer hours to eat properly. As a consequence there 
is an increase in the consumption of more processed foods, with major 
consequences for the health of the Yucatecan people. The implications of nutrition 
transitions for people in Mexico, and especially in Merida, can be seen more 
clearly in patterns 3, 4 and 5 of figure 2.  
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Figure 2 Stages of the Nutrition Transition. 
CHD: Chronic heart disease; CHO: Carbohydrates; NR-NCD’s: Nutrition-related non-
communicable disease; DR-NCD: Diet-related non-communicable disease. 
Source: re-drawn from Popkin, 2006 
 
There have been changes in diet and nutritional status throughout human history 
and these have been thoroughly documented over the past three centuries. The 
phenomenon began with few changes in dietary habits and became more 
alarming as time passed (Popkin, 2002b). It is important to understand the 
different reasons affecting these dietary changes, such as social and cultural 
factors.  
In many regions of the world, nutrition transition reflects socio-economic and 
demographic changes and diet (Popkin, 2001).  
Mexico is not an exception. Several studies in Mexico mention that the country is 
in a period of transition, but this situation is polarised as in the north of the country 
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there are more developed industrial states, presenting epidemiological profiles 
similar to those of developed countries, whilst in the south of Mexico there are 
less developed states which have pre-transitional epidemiological profiles 
(Popkin, 2001; Ortiz-Hernández, 2006).  
This situation was attributed to the uneven distribution of wealth, education, 
access to health services and overall quality of basic services between rich and 
poor families. However, in recent years chronic diseases and other non-
communicable illnesses have been increasing even among the poor due to 
greater access to low-cost foods with high calorie content and declining physical 
activity, since large numbers of people now live in urban areas and are engaged 
in less physical activity (Rivera et al., 2002; Ortiz-Hernández, 2006). 
During the past 20 years in Mexico there has been an increase in the number of 
people dying from cardiovascular disease and diabetic illness (in the last 15 years 
the prevalence of CVD death has increased by 15.9% and whilst deaths due to 
diabetes have risen by 5.8%) (Sánchez-Castillo et al., 2004). One reason for this 
is that the economy in Mexico has been affected by the introduction of new 
factories by international corporations under the North American Free Trade 
Agreement (NAFTA). The NAFTA with Mexico was signed in 1993 and entered 
into force in January 1994. The main objective was to stabilise Mexico’s economy 
and promote economic development, increasing exports and creating jobs. Whilst 
being a rich country in terms of natural resources, culture and tradition, Mexico 
experienced economic difficulties in the late 1980s, with a significant rise of 
poverty (Villarreal and Cid, 2010). These new factories attracted workers from 
more traditional occupations and the workers’ lifestyle became affected by longer 
working hours. This meant there were fewer hours to prepare and eat fresh food, 
with a consequent increase in the consumption of more processed food (Popkin, 
2006).  
The effects of NAFTA in Mexico included the introduction of international products 
and processed foods, which made life easier for the population. However, this 
change in daily life has had an adverse effect on health. Reasons for this include 
high quality agriculture products from Mexico, like fruit, meat, cereals and 
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vegetables, being sent for export to other countries. Products left for domestic 
consumption were poorer in quality and relatively expensive. This problem 
affected poor Mexican regions in particular. Now people prefer to buy cheaper 
food with higher calories instead of healthy food which is richer in vitamins and 
minerals, because it is too expensive for them (Villareal and Fergusson, 2014).  
Some authors thought that food would be resistant to globalisation because of the 
strong presence of the culture and identity of each country (Soros, 1999; 
Fritscher, 2002). However, the globalisation of food production is evident in all 
regions of the world, due to the widespread use of certain technologies or the 
presence of multinational food companies (Ochoa and Esther, 2012). Leatherman 
and Goodman (2005) have called this process, in the Yucatan Peninsula, the 
Coca-colonization of the diet. 
Nowadays, people live a hurried life with long working hours and little time for 
taking care of themselves. For example, this is reflected in the feeding of children 
with processed food each day, pushing aside healthy food options like fruit and 
vegetables(Wells, 2003; Bogin et al., 2014). And on some occasions, large 
families may consume soft drinks instead of milk, because they do not have 
money to buy good and healthy food (Bogin et al., 2014). And all of these 
changes in food consumption will affect growth and body composition, especially 
in children (Wells, 2003; Bogin et al., 2014). 
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Chapter 2 Growth and body composition    
2.1 The basic stages of growth – infancy, childhood, juvenile, adolescence 
One of the earliest written records concerning human growth comes from 
Mesopotamia around 3500 YBP. These records not only document the physical 
growth in children  but also the relationship between different human events such 
as development and growth (Bogin, 2006). Postnatal life was divided into several 
stages by the Sumerians, which can be linked to current concepts of infancy, 
childhood, youth, adulthood and old age. However, there is no direct evidence 
proving that the Sumerians took anthropometric measurements (Bogin, 2006).  
Nowadays, the study of human growth is divided into the different stages of the 
life cycle. Bogin (2006, 2012) defined stages of the life cycle as being part of two 
phases: prenatal life and postnatal life. Prenatal life includes three major stages: 
1) fertilization to the 12th week (first trimester), which is characterised by the 
differentiation and formation of basic body parts; 2) 4th to 6th lunar month (second 
trimester) which is characterised by leg development ; 3) 7th lunar month (third 
trimester) to birth, characterised by an increase in weight and organ maturation 
(Bogin, 2006, 2012).  
Postnatal life is divided into various stages. The neonatal period extends from 
birth to about 28 days after birth (extra uterine adaptation). In infancy there is 
rapid increase in growth with many developmental milestones in physiology, 
behaviour and cognition. This stage, together with lactation, lasts about 36 
months (Bogin, 2006, 2012). The childhood stage is between 3 to 7 years with 
moderate growth rate, the eruption of first incisors and permanent molars. The 
juvenile stage is divided by sex, for girls it is 7 to 10 years and for boys it is 7 to 12 
years. At this stage the growth rate is slower and there is a cognitive transition 
leading to the learning of economic and social skills; one consequence of this 
transition is that the juvenile becomes ever more capable of self-feeding. Puberty 
is a transitional event, which takes place near the end of the juvenile stage, and 
only occurs for days or a few weeks. In this period, there is an increase in 
secretion of sexual hormones and reactivation of the central nervous system's 
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functioning for sexual development.  
Finally, adolescence comes with a peak growth in height and weight, the eruption 
of new permanent teeth, the development of secondary sexual characteristics, 
socio-sexual maturation and sexual activity. The adolescent stage lasts for 5 to 10 
years after the onset of puberty (Bogin, 2006, 2012) (Figure 3) 
 
Figure 3 Curves of growth. 
I = infancy; C = childhood; J = juvenile; A = adolescence; M = mature adult 
Source: re-drawn from (Bogin, 2011) 
 
In 1938, Frank Shuttleworth identified that, on average, boys tend to enter the 
adolescent growth spurt almost 2 years later than girls, and that boys have a 
greater peak height velocity (PHV), which is the magnitude of maximum height 
gain during the adolescent spurt, as shown in Figure 3. Other sex-related changes 
during this stage include skeletal proportion, for example wider hips in females 
and broader shoulders in males (reviewed in Cameron, 2012 a).  
Chapter 2. Growth and Body Composition 
 
13 
 
2.2 Anthropometric measurements of growth    
Growth is defined as an increase in biomass and is associated with cell division 
and increase in cell size. All organisms grow, although the rate of growth varies 
over a lifetime (Bogin, 2006). The human body consists of various parts which 
follow  different patterns of growth in each of the stages of life (Lejarraga, 2012).  
Lejarraga shows some of these different patterns by using anthropometric 
measurements of height, weight, and head circumference, taken from infancy to 
childhood. Head circumference measurement is taken at the maximum fronto-
occipital lobe (Cameron, 2012b). As the external dimensions of the head conform 
closely to the size of the brain, head circumference is a proxy for brain size. 
Lejarraga defined height as a linear measurement and weight as a three-
dimensional measurement, including both lean body mass (LBM) and body fat 
(BF).  Figure 4 shows the percentage change in height, weight and head 
circumference from birth to age 5 years. The most important change in this graph 
is the rapid brain growth. The human brain size has significant implications for 
human biology in terms of patterns of growth and development (Bogin, 2006; 
Leonard et al., 2012).  
 
Figure 4 Growth curves for head circumference, height, and weight, shown as the 
percentage increase from birth up to age 5. Source: WHO, 2007 
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Figure 4 shows the percentages of body and brain size growth in children up to 5 
years old. Brain growth and height increase are most rapid during the first year of 
life; however, there is relatively less increase in weight. Growth rates in the brain 
stabilise at around the ages of 5-6 years, whilst height and weight increase until 
the Adulthood stage (Bogin, 2006; Leonard et al., 2012).   
The infant brain weighs about 400 g at birth and increases to about 1400 g in 
adulthood (Leonard et al., 2012). Through infancy and early childhood, the energy 
demands of the brain are high because brain growth is more rapid than the other 
parts of the body. A child under the age of 5 years uses 40-80% of resting 
metabolism rate (RMR) to maintain his/her brain (Bogin, 2006). The energy 
demands for the developing infant are extraordinary, at more than 100kcal/kg/day 
for both boys and girls. By the age of 9 years, the RMR of the brain declines to 
about 40-70% and total energy requirements decline to 65 kcal/kg/day for boys 
and girls. In adulthood the daily requirements are about 40-50 kcal/kg/day and 35-
40 kcal/kg/day for men and women, respectively (Leonard et al., 2012). Therefore, 
adequate nutritional intake during infancy is very important for both brain and 
body growth. Adequate nutritional intake is provided by breast milk up to the age 
of 6 months after birth, and then additional foods to breast milk are required to 
supply the energy, macronutrients and micronutrients to support the energy 
demand for brain and body growth (Leonard et al., 2012). 
 
2.3 Chronological Age and Biological Age  
Chronological age is a measure of an individual's age in years calculated from the 
date of birth, while biological age refers to the physiological functions of the body 
relative to actual calendar age (Karasik et al., 2005). Finkel et al., (1995) also 
refers to chronological age as the aging process, and Borkan and Norris, (1980) 
defines biological age as the assessment of the functional status of an individual 
in comparison to his or her chronological age (Karasik et al., 2005).  
Studies of nutritional requirements in adolescents are more limited than studies on 
adults (Chang et al., 2003). One of the problems posed is related to the 
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recommended intake of nutrients in this period. Most studies recommend nutrient 
intake according to chronological age and not the biological age of a person 
(Chang et al., 2003). Dwyer, (1981) commented that the increments of nutritional 
requirements are more highly associated with physiological changes than 
chronological age, because in a group of both female and male adolescents we 
would find individuals with different growth rate, weight, stature and body mass 
index (BMI). Thus, it is not adequate to provide such diverse groups with the 
same amount of nutrients, just because the individuals have the same 
chronological age. 
A study by Marshal and Tanner (1968) stated that the adolescent growth spurt 
takes place at distinct ages in different children. Due to this variation in timing, 
when expressed in graphical representations centred on chronological age, and 
based on cross-sectional data, the growth spurt is erased or partially concealed 
(Marshall and Tanner, 1968). The result of this study was interesting because 
early maturation may lead to more rapid maturation and early adolescence which 
is an indicator of extreme catch-up growth, making children taller without affecting 
their rate of maturation. However, genetically tall children may be more at risk 
from poor nutrition, because their diets are deficient mostly in nutrients (Marshall 
and Tanner, 1968). 
There is a relational process between growth and maturation regarding 
chronological age. Growth denotes changes of body size, proportion, composition 
and structure (Bogin, 2006; Cumming et al., 2011; Cameron, 2012c), and 
maturation is a process where changes in different tissues of the human body, 
including organs and organ systems, occur; there are also changes in functional 
maturity and chemical composition depending on the given biological system 
(Malina et al., 2004a). In a biological context, maturation refers to the functional 
maturity in each person (Cameron, 2012d). 
 
2.4 Body Composition 
During different stages of growth there are changes in body composition (Zemel, 
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2012).  Body composition may be defined as the constitution of the body in total 
terms in adipose tissue, muscle mass, skeletal mass, internal organs and other 
tissues (Bogin, 2006). Body composition could be measured using different 
techniques, including total body fat (TBF), which consists of all extractable lipids 
from adipose and other tissues in the body (more relevant for this study); fat-free 
mass (FFM) or fat free body (FFB), which consists of all residual lipid-free 
chemical and tissues including water, muscle, bone, connective tissue and 
mineral organs; bone mineral content (BMC), which consists of a measure of the 
osseous (bone) and non-osseous (cell) mineral content of the skeleton; relative 
body fat (%BF), which consists of fat mass expressed as a percentage of total 
body weight; and body mass index (BMI), which quantifies the amount of tissue 
mass, (such as muscle, fat, and bone). These different measurement techniques 
are used for different purposes (Siervogel et al., 2003; Heyward and Wagner, 
2004).  
Biological maturation applies not only to growth in height but also to body 
composition. Zemel (2012 p.463) stated that body composition in adolescents is 
regulated by a “biological clock” rather than by chronological time. She argues 
that hormonal changes associated with children's sexual maturation during the 
changes in puberty underlie the changes in fatness, muscularity and other 
aspects of body composition.  
Wang and co-authors (1992) suggested that body composition could be divided 
into a five levels: 1) atomic model: the measurement of oxygen, carbon, hydrogen, 
nitrogen and other atoms; 2) molecular model: the measurement of molecules of 
water, lipids, proteins, carbohydrates and minerals; 3) cellular model: the 
measurement of cells such as connective, epithelial, nervous and muscular; 4) 
tissue system model: consisting of the measurement of adipose tissue, skeletal 
muscle, visceral organs, bone, and other tissues  and 5) whole body model 
(Figure 5). In the present study, a whole body model was used because this 
model is the highest level of body composition and deals with the external 
characteristics of human body: size, shape and weight  (Wang et al., 1992; Shen 
et al., 2005; Ayvaz and Çimen, 2011). 
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Figure 5 Model of Body Composition and methods of assessment. 
BMI: Body mass index, WC: waist circumference, TS: triceps skinfold,  
SS: subscapular skinfold, BIA: bioelectric impedance. 
Source: re-drawn from (Ayvaz and Çimen, 2011) 
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Table 1  Advantage and limitations of whole body anthropometric measurement 
techniques 
Measurements Outcome 
measures 
Advantages Limitations 
Height  
 
(Lohman et al., 1988; 
Frisancho, 2011) 
Linear measurement.  
The maximum 
distance from the floor 
to the highest point on 
the head. 
Common in use simple to do in 
the field and cheap 
Differs by time of day, especially if the 
same person is measured on two or more 
occasions. 
Weight  
 
(Lohman et al., 1988; 
Instituto Nacional de 
Salud, 1998; Frisancho, 
2011)  
The weight of the 
person including 
bones, water and 
organs  
Common in use, not invasive 
and cheap. 
Differs by time of day, if person is 
measured on two or more occasions. 
Skinfold thickness  
 
(Wells and Fewtrell, 2006; 
Howeley and Thompson, 
2012) 
Measurement of the 
thickness of two layers 
of skin and the 
underlying 
subcutaneous fat 
measure body 
composition. 
Sum of skinfold 
(TS+SS), detect risk 
of central obesity. 
The calipers are not overly 
expensive. 
It does not require sophisticated 
equipment. 
It is portable. 
It is fast. 
 
Applying them to people with excess fat 
may be inaccurate. 
The amount of tissue picked up to form 
the skinfold can vary. 
Different results are obtained on how hard 
the fold of skin is pinched. 
Waist 
circumference 
 
(Wells and Fewtrell, 2006) 
Measurement of 
central adiposity and 
upper-body obesity. 
Detects risk of 
abdominal obesity. 
Best simple marker for visceral 
fat. 
Strong predictor of multiple 
health risk in individuals. 
Requires the removal of upper clothing. 
Cut-offs different for men and women in 
adulthood. 
WC does not become really useful until 
about 19 years of age. 
Arm fat  index 
(Gibson, 2005) 
Measurement reflects 
fat, muscle and bone. 
Low cost, It is fast 
It is portable 
Minimal subject involvement 
May still over-estimate in obese people. 
The rapidly changing patterns of skeletal 
muscle and subcutaneous fat in 
adolescents are to be a problem. 
Knee height 
 
(Gibson, 2005) 
An indicator of body 
proportionality. 
Low cost 
Minimal subject involvement. 
Is for elderly people 
 
Body mass index 
 
(Bogin, 2012; Zemel, 
2012) 
Index of obesity; the 
ratio of body weight to 
height squared. 
Ease of measurements, 
established cut offs and existing 
published statistics. 
Predictor of total body fat and 
related health risk at a 
population level. 
Models predictor of multiple 
health risk in individuals. 
Is an adequate proxy measure 
for monitoring the underlying 
increase in health risk due to 
excess weight at a population 
level 
Weak relation to visceral fat. 
Sex differences ignored. 
Not useful for short people. 
Is not a gold standard measurement of 
overweight or obesity 
Bioelectrical 
impedance 
analysis 
 
(Ellis, 2000; Wells and 
Fewtrell, 2006; Ackland et 
al., 2012) 
Estimate total body 
water or fat-free mass 
through measurement 
of the conductance of 
low-level electrical 
current through the 
body. 
High precision. 
This method is very simple and 
quick to perform. 
Rapid data acquisition. 
The analysis is based on the 
principle that the resistance to 
an applied electric current is 
inversely related to the amount 
of fat-free mass within the body 
and in not dangerous  
The equipment is relatively expensive. 
The impedance measurement is affected 
by body hydration status, body 
temperature, time of day, and therefore 
requires strictly controlled conditions to 
obtain accurate and reliable 
measurements. If a person is dehydrated, 
It is likely that the amount of fat will be 
overestimated. 
This method does not take into account 
the location of body fat. 
 
Chapter 2. Growth and Body Composition 
 
19 
 
For anthropometric measurements of body composition, there are different “gold 
standard” methods that will compare the results, such as DXA (dual-energy x-ray 
absorptiometry). DXA has been used to derive regional and total fat estimates, 
which outperformed densitometry relative to 3-components such as fat, bone 
mineral and other fat-free soft tissue. The advantages of DXA include efficiency, 
good precision, minimal subject action, and independence of hydration status. 
Limitations are: the calculation algorithms differ between manufacturers, limited 
scan bed size, pencil versus fan-beam differences in accuracy and the machine is 
expensive (Ackland et al., 2012). 
The body composition of juveniles and adolescents turns out to be slightly 
different to that of adults (Figure 6).  This is because young people are still 
developing (Starfield et al., 1993).   
Prior to adulthood, several changes occur in body composition. These changes 
are marked by metabolic changes during the period of growth and dramatic 
hormonal changes (Siervogel et al., 2003). Wells (2003) mentioned that these 
changes have a focus in three clinical interests: 1) growth, which is represented 
by height and weight; 2) nutritional status, represented by BMI, which is easy to 
obtain and a commonly used measure of body composition (Siervogel et al., 
2003; Zemel, 2012);  and 3) body fatness, which is expressed as percentage 
weight of fat mass (FM) (Wells, 2003). Wells (p. 522) mentioned “that nutritional 
status is too general an index for clinical and epidemiological research on body 
composition and fat percentage is even problematic when applied to body 
composition data”. The values of percentage fat show similar problems as an 
index of fatness, because of the influence of relative lean mass. However, all 
these components and physiological changes that occur during this period are 
strongly related to what happens in the body composition. 
 
Chapter 2. Growth and Body Composition 
 
20 
 
 
Figure 6 Differences in body composition for different stages of human 
development. (Wells, 2003; Baghurst, 2012) 
 
These changes are marked by metabolic changes during the period of growth due 
to the dramatic hormonal changes experienced along such period (Siervogel et 
al., 2003). 
Studies show the development of fatness over time with the trend of BMI and age 
(Wells, 2003).  Rolland-Cachera et al (1984, cited in Wells 2003) reported that 
between 2 and 16 years of age, a graphic representation of BMI adopts a U-
shaped curve, i.e. BMI decreases in childhood to a lowest value between 4 and 6 
years of age and then increases at the childhood-juvenile transition (Figure 7). 
This change is often called the adiposity rebound, but is more correctly called the 
BMI rebound (Wells, 2003). 
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Figure 7 BMI from birth (Wells, 2003). 
 
BMI is a simple ratio of height for weight that includes all of the changes in body 
composition, determined using the formula: weight (kg)/ height (m2) = (kg/m2).  
Beside growth changes, there are changes in fat or in body mass, and in bone 
mineral density. Thus, a higher BMI means more weight to height which could be 
more fat, muscle or water (Bogin, 2012; Zemel, 2012). 
BMI is used in population research because it is simple and easy. However, it is a 
method that only displays a value and does not provide any information about 
body composition (Ellis, 2000; Bogin and Varela-Silva, 2012). According to Bogin 
and Varela-Silva (2012), the use of BMI is very limited and not good for giving an 
individual health diagnosis without additional information about body composition, 
diet, physical activity, and other lifestyle practices. In addition, BMI cannot be 
used to predict the sum of skinfold or distinguish between lean mass and fat 
mass, to give an appropriate estimate of body composition. Nevertheless, BMI is 
used worldwide and for large groups of people it is useful to estimate a risk of 
overweight or obesity in the group (Centers of Disease Control and Prevenction, 
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2011).  
In this study, skinfold, waist circumference, arm fat index and BMI measurements 
will be used to obtain accurate individual diagnoses for the studied population. 
Because the changing status of body composition during the ages 10-18 years 
(fat, lean mass) is very important, this sensitive period for health, growth and 
nervous system development, requiring good nutrition. During this period the 
consumption of folic acid and vitamin B12 is vital because they influence the 
changes which occur during the different stages of life. 
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Chapter 3 Folic acid, vitamin B12 and growth  
3.1 Essential nutrients and food sources 
An essential nutrient is defined as a nutrient required for normal body function that 
either cannot be synthesized by the body at all, or cannot be synthesized in 
amounts adequate for good health and thus must be obtained from a dietary 
source. (Mosby, 2008; Truswell and Mann, 2012).  
Vitamins are essential nutrients that are required in small amounts for normal 
metabolism (Greene et al., 1988) are also called micronutrients (Vitamins) are 
found in all types of foods, including foods of plant, animal, fungi, and bacterial 
origin (Graham and Welch, 1996). One of the essential vitamins for the human 
body is vitamin B9  (FAO, 1987), and it plays a major role in this project. 
Vitamin B9 has been known as Folic acid (FA) since 1941 (Hoffbrand and Weir, 
2001), the word “folic” comes from the Latin (leaf), “folia”(Truswell, 2012) or 
“folate” (Allen, 2004).  It was given this name because FA is found naturally in 
green leafy plants, as well as in fresh fruit, and liver (Scholl and Johnson, 2000). 
Some other food sources rich in folate include cereals, condiments, oil seeds, 
roots, and beans  (Krishnaswamy and Nair, 2001).  Folic acid is vital for many 
bodily functions, including cell division in the body, cell growth, DNA synthesis and 
reproductive health (Nantel and Tontisirin, 2001; McKay and Mathers, 2011; 
Yetley et al., 2011; Fenech, 2012). 
Vitamin B12 is another essential nutrient for the body.  This is the most 
biochemically complex of all the vitamins (Stabler and Allen, 2004; Watanabe, 
2007). It is important in the normal function of the brain and the nervous system, 
and the formation of blood (Herrmann and Obeid, 2008). This vitamin takes part in 
the metabolism of every cell division in the human body, especially in DNA 
synthesis and regulation, as well as in fatty acid synthesis and energy production 
(Watanabe, 2007; Herrmann and Obeid, 2008) and it is found in animal foods 
such as meat, milk, eggs, and shellfish (Table 2). Some plant foods such as algae 
also contain Vitamin B12 (Watanabe, 2007).  
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FA and vitamin B12 are essential for human health (Oakley and Tulchinsky, 2010). 
These vitamins work together for the DNA metabolism  in the human body 
(Fenech, 2012) Box 1.1. 
Folate is an important component for function in the human body since it is part of  
DNA and RNA syntheses which are required for the production and maintenance 
of new cells in human body (Kamen, 1997), One of the most significant functions 
of folate acid is occurring during periods of growth, such as gestation and infancy 
(Nantel and Tontisirin, 2001).  
Vitamin B12 functions as a coenzyme in several metabolic roles of the body, for 
example the metabolism of fats, carbohydrates and protein synthesis is also 
indispensable for the building blood cells, for the regeneration of all the tissues 
and body growth and the function of nervous tissue (Matthews and Linnell, 1982; 
Nantel and Tontisirin, 2001). 
Herrmann et al. (2007 p. 589) reported that “metabolically manifest folate, vitamin 
B12 and vitamin B6 deficiency can affect the bone metabolism and stimulate 
osteoclasts”, which are cells responsible for the breakdown or resorption of bone 
(While, 2010), and this is a life-long problem (Herrmann et al., 2007). However 
this depends on the biological availability on the intake of folic acid (Bailey and 
Ayling, 2009). Thus, folate deficiency hinders DNA synthesis and cell division, 
affecting hematopoietic cells and neoplasms the most because of their greater 
frequency of cell division. RNA transcriptions, and subsequent protein synthesis, 
are less affected by folate deficiency, as the mRNA can be recycled and used 
again (Fenech, 2001; Gibson, 2005; McKay and Mathers, 2011). Box 1.1 show 
the metabolism for these vitamins. 
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BOX 1.1 FOLIC ACID AND VITAMIN B12 METABOLISM 
Folate plays a central role in the synthesis and methylation of nucleotides that 
intervene in cell multiplication and tissue growth. 
 
Fig 1. Cycles of the main pathways of folate and vitamin B 
Source: adapted from (Fenech, 2001; McKay and Mathers, 2011), modified by the author 
The folate cycle includes the reduction of folate intake in dihydrofolate (DHF). The 
resulting tetrahydrofolate (THF) can be directly converted into 5,10-Methyl-THF by 
the action of serine hydroxymethyltransferase (SHMT), vitamin B6 (Garrow et al., 
1993; Gibson, 2005). The 5,10 methyl-THF can be reduced to 5-methyl-THF, 
mediated by the vitamin B2-dependent enzyme methylene-tetrahydrofolate 
reductase (MTHFR), which is important for the regulation of available 5-methyl-
THF for homocysteine remethylation (Blom and Smulders, 2011). This 
remethylation to methionine (MTRR) is catalysed and links the folate cycle with 
homocysteine metabolism. This connection requires vitamin B12 upon transfer of 
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the methyl group to homocysteine. MTRR reactivates with Vitamin B12 by the 
methionine using a methyl donor (Blom and Smulders, 2011).  Homocysteine in 
generated in a cycle via S-adenosylmethionine (SAM) and S-
adenosylhomocysteine (SAH). The remethylation of homocysteine regenerates 
methionine and betaine-homocystein methyltransferase (BHMT) with B6. 
homocysteine is also converted by B6-dependent cystathionine Beta-synthase 
(CBS) (Miller, 2003; McKay and Mathers, 2011).  
There are two mechanisms through which nutritional and dietary factors have 
been postulated to effect DNA methylation:  1) by changing the availability of the 
methyl donors and 2) by altering the activity of enzymes involved in the process of 
DNA methylation, more specifically the DNA-methyltransferase (DNMT) enzymes. 
The most extensively investigated of these is the influence of micronutrients on 
methyl group supply for one-carbon metabolism. This is central to the methylation 
of all biological molecules such as DNA; consequently any dietary factors 
influencing this pathway may affect DNA methylation. The nutrients implicated in 
this mechanism are the methyl donors and those micronutrients which are co-
factors for enzymes involved in one-carbon metabolism including folate, vitamin 
B6, vitamin B12, choline and methionine (Miller, 2003; Blom and Smulders, 2011; 
McKay and Mathers, 2011) 
Recently Fenech and colleagues (2012) reviewed evidence from in vitro studies 
with human cells, in vivo studies in rodents, and in vivo cross-sectional and 
intervention studies in humans. The evidence showed that low intake of folate and 
vitamin B12 will lead to the deterioration of DNA. This concept of DNA deterioration 
was revised and identified by Fenech (2010), demonstrating that the cause of the 
deterioration of the DNA is malnutrition (Fenech, 2010, 2012). This may be 
prevented if the reference values of these vitamins in the diet consumed are 
known. 
The causes of folate and vitamin B12 deficiency include a diet low in fresh fruits, 
vegetables and fortified cereals or poor gastrointestinal absorption of these 
vitamins. Whatever the cause, deficiencies may result in megaloblastic anaemia 
(Matthews and Linnell, 1982; Werder, 2010). Low intake of folates have been 
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associated with higher risk of giving birth to infants with neural tube defects (NTD) 
and possibly with other birth defects (Allen et al., 2006). Also, folate deficiency 
can increase the risk of cardiovascular diseases, cancer, and some cognitive 
problems in adulthood (Allen et al., 2006; Werder, 2010). 
According to FAO/WHO (2001), the reference nutrient intake (RNI) of folate per 
day is 400 µg and vitamin B12 is 2.4 µg for people who are between 10 and 18 
years old (boys and girls). This will be discussed in the following sections.  
Table 2 Some foods, mainly available in Yucatan, containing folate and vitamin 
B12. 
                        Food µg/100g of 
portion food 
Folate  
µg/100g of 
portion food 
Vitamin B12 
Vegetables   
Cabbage 
Green beans 
Chaya 
a
 
Cucumber  
Tomato 
Beet  
Habanero chile 
b
 
 
79 
60 
70 
152 
28 
90 
23.1 
 
0 
0 
0 
0 
0 
0 
0.45 
Fruit  
Banana 
Orange 
Melon 
Tangerine  
Mango 
Watermelon 
 
22 
37 
30 
11.9 
14 
2.5 
 
0 
0 
0 
0 
0 
0 
Cereals  
Rice  
Oats 
Camote 
c
 
Granola  
Corn tortilla 
White bread 
 
55.3 
46.4 
11.0 
167.0 
8.43 
86.0 
 
0 
0 
0 
0.85 
0.32 
0 
Legumes  
Chickpeas 
Lentils 
Black beans 
 
180 
35 
235 
 
0 
0 
0 
Milk and Dairy  
Manchego cheese 
Skim milk 
Yogurt  
 
20 
5 
0.43 
 
1.4 
0.36 
0.04 
Meat and offal    
Beef liver 
Beef  
Chop  
Egg 
Chicken   
 
65 
6 
6 
47 
5 
 
1.08 
1.56 
0.5 
1.29 
0.34 
Fish   
Fish  
Tuna 
 
12 
15 
 
1.18 
2.20 
a: Cnidoscolus aconitifolius; b: Capsicum chinense; c: Ipomoea batatas 
(Pérez Lizaur et al., 2008; Vargas Gutiérrez et al., 2008; INCAP, 2012) 
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3.2 Biomarkers of folate and VB12 
The aims of this section are to provide a brief explanation of the principal 
biomarkers of folate and vitamin B12 in the human body. 
For many years FA and VBC had been studied by different researchers, but this is 
now changing. In the last three decades the National Health and Nutrition 
Examination Survey (NHANES) provided information about both FA and VBC. 
NHANES investigated several folate and vitamin B12 biomarkers. Blood samples 
collected by the NHANES were used by Yetley et al., (2011) to study the intake 
adequacy of serum folate from 1974-2010 and serum vitamin B12 in different time 
periods (1976-1980, 1991-1994 and 1999-2006) in the United States. 
From 1991 to 1998, the recommended intake of FA was changed due to policies 
undertaken by different healthcare services. The Centre for Disease Control and 
Prevention (CDCP), for example, recommended in 1991, a daily consumption of 
400 𝜇g of FA, the same amount recommended, one year later, by the U.S. Public 
Health Service, for all women of childbearing age, and this recommendation was 
supported by the Institute of Medicine (IOM) in 1998. It was expected that these 
recommendations be followed through normal diet, fortified foods, supplements or 
both (Crider et al., 2011).  
In 1988, the FAO/WHO with Expert Consultation reported different states of folate 
nutrition, which were categorized as “folate adequacy”, “impending folate 
deficiency” and “overt folate deficiency”. This was suggested after studies using 
red cells in blood samples, but the FAO/WHO report did not provide additional 
details of these analyses. Such results allowed the authors define a folate intake 
greater than 150 µg/L as an adequate for adults, both men and women. Another 
less relevant finding of this study was that a liver folate level greater than 7.5 µg/g 
was adequate for both men and woman, but liver assays are rarely done on the 
general population. The N-formino-L-glutamate test was also cited as evidence of 
sufficiency, but this test has been discredited as not having any useful function 
(FAO/WHO, 1988). Another study on which FAO recommendations for folic acid 
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consumption were based was carried out by Lindenbaum and co-authors (1990) 
and Sauberlich, (1995), where a plasma folate was used, but this is subject to 
greater fluctuation than whole blood samples (FAO/WHO, 1988). 
Several studies were reported, with strong evidence, which suggested that the 
consumption of 400 µg/day of folic acid in adults woman would be adequate to 
prevent problems such as NTD (Scott et al., 1994; Daly et al., 1995); and 
decrease the risk of cerebrovascular disease (Selhub et al., 1993; Perry et al., 
1995), anemia (Daly et al., 1995), chronic diseases (Boushey et al., 1995; Wald et 
al., 1998), and colorectal cancer (Mason, 1995; Kim et al., 1998), amongst others. 
As for vitamin B12, evidence has been reported which shows that a consumption 
of 2.4 µg/day is adequate for the prevention of pernicious anaemia in human 
(Scott and Weir, 1994; Weir and Scott, 1998) and anthropic gastritis (Carmel, 
1996). (The Scott and Weir studies only provided data for humans in general, 
without being more specific.) These studies have led to the calculation of an 
"estimated average requirement" is 2.4 µg/day above that of vitamin B12.  (Nantel 
and Tontisirin, 2001). 
Also, in 1998, the US National Academy of Sciences carried out studies to obtain 
comprehensive reference values for the intake of folic acid and vitamin B12, taking 
into account the status and health of all age groups. In addition, literature on the 
requirements during pregnancy and lactation were also reviewed (Nantel and 
Tontisirin, 2001). 
The FAO/WHO agreed to the values published by the National Academy of 
Sciences and they considered that they were the best estimates of the needs of 
folate and vitamin B12 based on current literature (Nantel and Tontisirin, 2001). 
Therefore, the group of experts from the FAO/WHO adopted and has published 
the requirements for the consumption of vitamins as a universal guide. An 
example of WHO references for vitamins is given in Table 3. In Mexico, the 
national standard guide of nutrient intake is based on WHO requirements 
(Rodríguez-Ramírez et al., 2009). 
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Table 3 Reference nutrient intake (RNI) of B complex vitamins as suggested by 
FAO/WHO, by age group 
Age group 
(years) 
Thiamine 
B1 
mg/day 
Riboflavin 
B2 
mg/day 
Niacin 
B3 
NEs/day 
Pantothenic 
Acid 
B5 
mg/day 
Pyridoxine 
B6 
mg/day 
Biotin 
B7 
µg/day 
Folic 
Acid 
B9 
µg/day 
Cobalamin 
B12 
µg/day 
 
1-3 
 
 0.5 
 
0.5  
 
6  
 
2 
 
0.5  
 
8  
 
160  
 
0.9  
 
4-6 
 
 0.6 
 
 0.6 
 
 8 
 
 3 
 
 0.6 
  
12 
 
 200 
 
 1.2 
 
7-9 
 
 0.9 
 
 0.9 
  
12 
 
 4 
 
 1.0 
  
20 
 
 300 
 
 1.8 
Female 
10-18 
 
 1.1 
 
 1.0 
  
16 
 
 5 
 
1.2 
  
25 
 
 400 
 
 2.4 
Male 
10-18 
 
 1.2 
 
 1.3 
  
16 
 
 5 
  
1.3 
  
25 
 
 400 
  
2.4 
mg: milligrams; µg: micrograms; NEs: conversion of L-tryptophan to niacin equivalents 
Source: (Nantel and Tontisirin, 2001) 
Biochemical markers are potentially useful to determine the integral effects of 
dietary intake of nutrients from food and supplements over a period of time, from 
hours up to months. Also, they can be used to provide different types of indices 
for each essential nutrient, which can specially reflect either recent intake or long-
term intake and status (Bates et al., 2011). In the Netherlands, Verkleij-Hagoort 
and co-authors (2007) conducted a study to investigate the correlation between 
folate and B-vitamin intake estimated by FFQ and concentrations of serum folate 
and red blood cell folate. The results showed a higher correlation (r= 0.98 and 
r=0.98 respectively) between the FFQ-derived folate intake and the red blood cell 
folate than with serum folate (r=0.96). The FFQ covered the nutrient intake over a 
reasonably long period (4 weeks). For VB12, the correlation was r=0.19, as  Green 
and co-authors reported in 1998 (Verkleij-Hagoort et al., 2007). One of strengths 
was the size of the sample, which can be compared with those of other validation 
studies, for example Pufulete et al., (2002).  In this study, a short FFQ was used 
to assess folate intake in men and women. The results validated the method 
because of the high correlation obtained: r=0.77 and r=0.72 for men and women, 
respectively. However, one of the limitations in Verkleij-Hagoort et al., (2007) is 
that the sample size was relatively small, resulting in wide confidence intervals of 
validity coefficients. Therefore it is necessary to have large samples to estimate 
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more precisely validity coefficients. It can be concluded that a FFQ adapted for FA 
and VB12 intake is a valid method to estimate these nutrients in the dietary intake, 
as well as estimating energy and macronutrients. And these results are 
comparable with the validity of results in others studies with FA and VB12 intakes.  
 
3.3 Folic acid and vitamin B12 worldwide.  
In recent years, there has been an increasing worldwide focus on studies of 
micronutrient deficiency conditions and it has been reported that almost 2 billion 
people have a deficiency of one or more micronutrients (Tulchinsky, 2010). 
Tulchinsky (2010) proposes that these are silent epidemics of vitamin and mineral 
deficiencies affecting people of all ages around the world.  
McLean et al. (2008, p. S38) argue that “Human deficiencies of folate and vitamin 
B12 result in adverse effects which may be of public health significance, but the 
magnitude of these deficiencies is unknown”. Reports by WHO (2007) mention 
the results of local surveys which show that folate and vitamin B12 deficiencies are 
a public health problem that affects millions of people throughout the world. 
The problem is massive because micronutrient deficiencies are not always 
clinically apparent. Everything depends on the patterns of food consumption: for 
example, in some parts of the world there is a high prevalence of nutrition 
problems associated with iron consumption and low FA intake producing birth 
defects (NTD). Other micronutrient deficiencies are being linked to risk of 
increased obesity and low levels of physical activity (Tulchinsky, 2010).  However, 
some results are associated with life situations determined by religious practices 
(e.g. not eating meat, eggs or milk), living environment (e.g. abnormal diet) , 
recreation activities (e.g. watching more TV, playing more video games and 
making less physical activities) and kind of lifestyle (e.g. lack of exercise and  
consumption of high-fat foods which are poor in nutrients) (Allen and Benoist, 
2006).  
Deficiencies of some vitamins and minerals, such as iron, zinc, folate, vitamin B12 
and other vitamins, are related to disorders such as megaloblastic anaemia, NTD, 
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heart disease, stroke, risk of increased obesity and lack of physical exercise 
(Stabler and Allen, 2004; McLean et al., 2008; Tulchinsky, 2010). 
Gunanti and co-authors (2014) studied vitamin deficiencies linked with overweight 
and obesity. A sample of 1131 Mexican-American children were included to 
determine a deficiency of vitamin B complex and the relation of risk of overweight 
(OW) and obesity (OB). Blood samples were used to determine nutritional status 
of vitamins and B complex. The BMI and the amount of total body fat were also 
investigated. The findings show that the children with lowest levels of thiamine, 
riboflavin, folate, and VB12 had higher body fat percentages, suggesting a link 
between these vitamin B complex nutrients with fat storage. The researchers 
believe that these vitamins play an important role in a fat metabolism, but it is not 
clear how (Gunanti et al., 2014). 
Several studies have analysed micronutrients and their relation to OW/OB, but 
there are no studies with only FA and VB12 deficiency and risk of OW/OB, other 
vitamins have always been included. This is why it is important to know the 
strength of the relationship between these vitamins (FA and VB12) and growth in 
adolescents. 
McLean et al., (2008 p. S47) carried out a review of the deficiencies of folate and 
vitamin B12 complex in eight countries and concluded that most of these countries 
face a public health problem regarding this issue.  Six out of the eight countries 
studied had deficiencies in folate consumption and five out of seven in vitamin B12 
consumption. To reduce the worldwide public health problem, the WHO and the 
Food and Agriculture Organization of the United Nations (FAO) published 
strategies that include the compulsory fortification of foods with folic acid, but 
many of the affected countries have not applied such strategies (Crider et al., 
2011).  
 
3.3.1 Folic acid and vitamin B12 in Europe, Asia and other countries     
Some European countries have carried out studies of FA and VBC intake. Most of 
these studies aimed to decrease and prevent NTD in pregnancy. However, in 
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2008, McLean et al. published a paper in which they described the deficiency 
intake status of homocysteine, folate and vitamin B in the last 10 years (Table 4) 
for infants, children, adolescents,  adults, elderly people, males and females 
(McLean et al., 2008). 
 
Table 4 Deficiency status at the National Level 
Country Homocysteine Folate Vitamin B 
France  6 – 7 % 10% ND 
Germany ND 1% 14.7% 
New Zealand ND 28% 12% 
Norway ND 2.7% 3.3% 
United Kingdom ND 10% 31% 
ND: no data. Source: (McLean et al., 2008) 
 
Stabler & Allen (2004)  found that the prevalence of pernicious anaemia (PA) in 
Northern Europe, another problem related to Vitamin B and folate deficiency 
prevalence, was 50-200/100,000 inhabitants per year in the United Kingdom, 
130/100,000 inhabitants per year in Denmark and 198/100,000 inhabitants per 
year in Sweden. Others countries which face public health problems related to the 
consumption of folate and VBC were Gambia, where there was a prevalence in 
80% of patients with megaloblastic anaemia, PA and neurological problems; in 
Israel, 69% of patients had PA was cause of megaloblastic anaemia and India 
only 23% had with PA. (Stabler and Allen, 2004).  
 
3.3.2 Folic acid and vitamin B12 in Latin America 
Most of the folate and vitamin B12 studies in Latin America have involved the 
analysis of samples of plasma and red blood cells (Allen, 2004; McLean et al., 
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2008). The only two studies carried out using food intake frequency 
questionnaires found in my literature review are  “Folic acid intake by women in 
reproductive age from Ciudad Juarez, Chihuahua, Mexico” (Wall-Medrano et al., 
2012) and the “Consumption of folate intake by pregnancy from Apodaca, Nuevo 
Leon, Mexico” (Jiménez Salas et al., 2003). 
Based on the assessment of folate, vitamin B12, and homocysteine status in 
serum or plasma and in red blood cells, deficiencies of FA and VB12 in Latin 
America have been found in different age groups. For example in pregnant 
women in Costa Rica (Allen, 2004; McLean et al., 2008), in preschool children 
and pregnant women in Venezuela (García-Casal et al., 2005), in preschool 
children and adult in Chile (McLean et al., 2008) and in school aged children and 
lactating woman in Guatemala (Allen, 2004). In part,  these deficiencies of FA and 
VB12 explain the prevalence of PA and NTD around the world, including Latin 
America, where the reported PA prevalence was 31% in different racial and ethnic 
groups and was more common in females (Stabler and Allen, 2004) . As a 
consequence, several countries in Latin America, including Argentina, Belize, 
Bolivia, Brazil, Colombia, Ecuador, El Salvador, Guatemala, Honduras, México, 
Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela implemented  
mandatory FA fortification to reduce NTD prevalence. The FA was added to foods 
such as wheat flour and wheat-containing products, similar to the fortification 
processes practiced in the USA. Since the implementation of FA fortification in 
1998, decreases of 32% to 19% have been observed in the prevalence of NDT. 
Canada, Costa Rica and Chile also reported declines in the prevalence of NTDs 
(55% to 19%) since the initiation of  FA food fortifications in 1998, 1998 and 2000 
respectively (Berry et al., 2010). 
 
3.3.3 Folic acid and vitamin B12 in México 
Mexico has a high prevalence of low micronutrient intake (Ramakrishnan, 2002) 
and a high prevalence of obesity with 35.5% and overweight with 35.2% (OB/OW) 
(del Río-Navarro et al., 2004; Gutiérrez et al., 2012) and, simultaneously, the 
prevalence of under nutrition, although declining, was 13.6% by 2012, affecting 
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about 1.5 million  children younger than 5 years of age (Rivera-dommarco et al., 
2013).  
One of the most significant reviews of folate and Vitamin B12 deficiencies in 
Mexico was made in 1999, where folate status was evaluated in children younger 
than 12 years of age and women of childbearing age. Status was calculated using 
red blood cells, deficiency was defined as <136 nmol/L for erythrocyte folate 
concentration. The results show deficiencies of 5% in woman and 11.3% in 
children  (McLean et al., 2008). 
In 2004, Stabler and co-workers published a review on prevalence of PA around 
the world in which they described some studies from rural central Mexico showing 
the high prevalence of VB12 deficiency and anaemia in women, where deficiency 
was defined as <148pmol/L in plasma or serum. It seems likely that this was due 
to low consumption of animal food products and its derivatives by people in rural 
communities. 
Villalpando et al. (2003a) identified FA and Vitamin B12 deficiencies using the 
National Nutrition Survey, a probabilistic national survey made in 1999 (ENN-99). 
Comparisons were made between rural and urban children. The results showed 
FA deficiency in both groups, with no significant differences between them. 
However, there was  a higher prevalence in the Southern and Northern regions in 
comparison with Mexico City (Villalpando et al., 2003a).  
In another study using the same database (ENN-99), (Villalpando et al., 2003b) 
mentioned that the prevalence of anaemia in children was higher in rural areas 
than in urban areas. Subsequently, in 2006 the Mexican National Health and 
Nutrition Survey (ENSANUT 2006), collected data for nutrient intake in Mexican 
boys and girls 12 to 19 years of age.  This information was obtained via a 7-day 
food frequency questionnaire that was used to estimate dietary intake. See 
appendix 1 which shows nutrient requirement intake for adolescents used by 
ENSANUT, 2006. Table 5 shows that, according to national surveys in Mexico, 
the prevalence of dietary inadequacy of energy in males was 74.5%, whilst for 
females it was 69.9%.  The median energy intake for males was 1903 kcal and for 
females it was 1571 kcal (Appendix 2). It was observed that deficiencies existed 
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for vitamins A and C, folate, iron, zinc and calcium, and that these were higher in 
rural areas than in urban areas (Rodríguez-Ramírez et al., 2009). Table 5 also 
shows that Southern Mexico had the highest prevalence of deficiencies of folate, 
(males: 73.6%; females: 85.4%). The median folate intake was 212.2 µg/day for 
males and 175.7 µg/day for females, according to national surveys in Mexico 
(Appendix 3).  
 
Table 5 Prevalence of dietary inadequacy by sex in Mexican adolescents. 
Mexico, ENSANUT 2006 
Characteristics                                 Energy        Protein      Vitamin A     Vitamin C      Folates      Total iron       Zinc     Calcium 
 
Males  
National 
  
74.5 
 
25.9 
 
62.9 
 
39.9 
 
69.7 
 
12.9 
 
53.6 
 
74.1 
 Area
§,&,∞ Urban 74.6 25.1 60.5 39.1 68.2 12.0 51.5 73.0 
  Rural 74.0 28.2 69.9 42.1 74.1 15.4 59.4 77.4 
  Region§,&,∞ 
 
North 
 
72.8 
 
21.8 
 
68.2 
 
42.7 
 
60.5 
 
11.7 
 
47.6 
 
75.9 
  Center 72.4 24.9 65 39.3 68.9 11.9 51.9 73.6 
  Mex city 78.3 29.5 46.7 36.2 74.1 14.3 55.5 73.9 
  South 75.5 27.6 65.5 40.6 73.6 13.8 57.6 73.8 
 
 
SES§,#,≠,∞,ø 
 
Low 
 
75.0 
 
30.2 
 
70.9 
 
45.8 
 
72.7 
 
15.9 
 
60.5 
 
77.1 
  Middle 73.1 23.9 60.0 40.0 67.5 10.0 52.0 76.4 
  High 75.2 23.5 57.1 33.0 69.3 12.5 47.5 68.8 
 
Females 
 
National  
 
69.9 
 
29.9 
 
57.6 
 
38.4 
 
82.8 
 
26.7 
 
60.5 
 
84.9 
 Area*
,‡,§,&,∞ Urban 68.5 27.4 54.3 37.6 81.5 27.1 57.8 84.2 
  Rural 73.8 36.7 66.6 40.6 86.3 25.5 67.8 87.1 
 
 
Region§,#,&,∞ 
 
North 
 
66.4 
 
27.6 
 
60.9 
 
44.6 
 
75.7 
 
22.4 
 
53.3 
 
89.9 
  Center 71.8 29.3 60.6 34.0 81.9 24.0 61.7 83.8 
  Mex city 66.5 27.4 46.3 34.7 87.6 32.3 58.2 81.0 
  South 71.6 33.0 58.0 41.2 85.4 29.3 64.5 85.2 
 
 
SES*,‡,§,∞ 
 
Low 
 
71.6 
 
34.5 
 
63.7 
 
43.6 
 
83.9 
 
26.4 
 
65.0 
 
84.4 
  Middle 73.0 31.0 57.3 35.7 81.6 28.6 62.9 87.6 
  High 63.8 22.7 50.3 35.6 82.4 24.3 52.2 82.4 
 
* Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in energy intake between categories 
‡ Statistically significant differences ((p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in protein intake between categories 
§ Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in vitamin A intake between categories 
# Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in vitamin C intake between categories 
& Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in folates intake between categories 
≠ Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in total iron intake between categories 
∞ Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in zinc intake between categories 
ø Statistically significant differences (p < 0.05 for area, p < 0.012 for region, p < 0.016 for socioeconomic level) in calcium intake between categories 
 
SES: socioeconomic status 
Source: (Rodríguez-Ramírez et al., 2009) 
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3.3.4 Folic acid and vitamin B12 in Yucatan 
Yucatan is one of the States of the Mexican Republic, located in the south-east of 
the country, in the Peninsula of Yucatan (Figure 8) which is bordered by the 
Caribbean Sea and the Gulf of Mexico. (INEGI, 2011)  
 
 
   Figure 8 Map of the State of Yucatan 
Source: Google Earth, 2013 modified by the author.  
In Yucatan, as in many places and cultures on Earth, food is part of the rituals of 
living. Food, its production, preparation and consumption are traditions which form 
an integral part of the individual. Yucatecan food is considered one of the best 
cuisines in the world, because of its rich ingredients, seasonings and flavours 
(Riva, 1998). In 1998, Pardio and co-workers studied the dietary patterns in the 
Yucatan, through a representative population living in the urban zone of Merida 
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Yucatan with medium and lower socioeconomic status. Their study demonstrated 
that the Yucatecan diet was characterised by a high consumption of energy, 
cholesterol and saturated fat. This was due to a diet based on tortillas, bread, 
milk, soft drinks and oil, principally, followed by meat and sausages, with less 
consumption of sea food, fruits and vegetables (Pardio-Lopez et al., 1998; Sauri, 
2003). 
In the last twenty years, the people of Merida, Mexico have experienced changes 
in their food consumption. One reason for this is that there has been an 
agricultural productivity decline and a reduced availability of locally produced 
foodstuff (Leatherman and Goodman, 2005; Rivera-Dommarco, 2012; Bogin et 
al., 2014; Shamah-Levy et al., 2014). This has contributed to changes in the food 
availability and eating habits of the Yucatecan population, increasing the 
consumption of processed foods and decreasing the consumption of fruit and 
vegetables in children and adolescents (ENSANUT, 2006). Azcorra and 
collaborators (2013) recently provided a qualitative analysis of the food intake of 
the Merida sample. The authors reported these results: low consumption of fruit 
and vegetables, a medium consumption of meat, eggs and oil, and a high 
consumption of sugar (especially in soft drinks), whole milk and fat. It was also 
noted that nowadays the Yucatecan diet is poor in terms of fibre, vitamins and 
minerals (Azcorra et al., 2013b).  
Yucatan State has a high prevalence of congenital anomalies such as NTD, 
including spina bifida (SB) (González-Herrera et al., 2010; González-Herréra et 
al., 2012). The prevalence of  NTD in Yucatan was 22.31/10,000 births in 2006 
(González-Herrera et al., 2007). According to the International Clearinghouse for 
Birth Defects Monitoring Systems (ICBDMS), the prevalence of NTD by country in 
2009 was 7.51/10,000 births in the UK, 3.87/10,000 births in the USA was and 5.9 
per 10,000 births in Mexico (ICBDMS, 2011). 
In the past decade in Yucatan, only four studies were published about the 
consumption of FA in the state population. One of these studies was concerned 
with folate and a cervical cancer gene (Ramírez Sierra et al., 2008). Another of 
these studies stated that the consumption of FA in college students in Yucatan is 
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very low because many students do not know what kinds of foods are rich in FA. 
In addition, the students do not understand the relationship between an adequate 
diet and illness prevention (Díaz and López, 2008). 
Garcia-Miss and co-workers (2010), reported that, in Yucatan, folate and VB12 
deficiency are risk factors for schizophrenia. The subjects were schizophrenic 
patients and healthy volunteers, and the results showed that all schizophrenic 
patients presented a lower level of red blood cells folate compared with those in 
the control group, while serum folate and vitamin B12 were similar for both groups 
(García-Miss et al., 2010). Finally, González-Herrera and co-workers (2012), 
studied the association of A80G polymorphism in the RFC1 gene with the risk of 
spina bifida affecting offspring in southeast Mexico (González-Herréra et al., 
2012). 
3.4 Growth & nutrition   
Growth was defined above as an increase in body size and mass of the body 
constituents. This process takes almost 20 years to complete (Cameron, 2012a; 
Norgan et al., 2012). 
Nutrition is defined as the process of obtaining the food necessary for 
maintenance of life, health, growth, the normal functioning of organs and for the 
transformation of energy contained in the foods to cover the body needs (Norgan 
et al., 2012). One of environmental influences on growth is nutrition. Proper 
nutrition allows for adequate growth whilst, on the other hand, malnutrition can 
retard growth (Weisfeld, 1999; Norgan et al., 2012) 
It is clear that there is a very strong correlation between growth and nutrition, and 
during its lifespan the human body goes through different changes. These 
changes depend on the nutrients needed to ensure proper development and 
health (Sorhaindo and Feinstein, 2006).  Developing countries have a high 
prevalence of growth retardation due to malnutrition as the result of poverty, poor 
education, unsanitary living conditions, poor medical care, and related causes 
(Rivera et al., 2003).   
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Stunting is a major health problem worldwide, affecting around 178 million 
children under the age of five (Souganidis, 2012). A high prevalence of stunting  is 
the most common evidence of chronic undernutrition in the population (Rosado, 
1999). 
De Onis et al (2011) based on a database including information on 106 countries, 
analysed the prevalence of stunting among pre-school children in developing 
countries. Their results show that such prevalence decreased from 47% in 1980 
to 33% in 2000 overall. However, not all regions showed this decline. East Africa, 
North Africa and the Caribbean showed a modest change, whilst West Africa and 
Central America showed little progress (De Onis et al., 2011). 
  
3.5 Growth and micronutrients 
There are more than 30 micronutrients essential for the proper growth and 
development of children (Nantel and Tontisirin, 2001). Micronutrient deficiencies 
are public health problems in many countries, especially in developing countries, 
as has been raised in the previous chapter. 
Most vitamins, especially the water soluble vitamins, are not stored in the body in 
large amounts, so they need to be consumed on a daily basis. Micronutrient 
deficiencies can arise fairly quickly, especially during fetal development, infancy, 
childhood and adolescence, when growth rates are most rapid (Thompson and 
Manore, 2010). 
Rivera, et al (2003) reviewed the needs for different micronutrients at different 
stages of growth. These requirements vary, in part, because of developmental 
changes in successful digestion and the ability to absorb and make use of each 
type of nutrient (Sorhaindo and Feinstein, 2006). During growth periods, there are 
important interactions between genetic factors,  metabolism and macro- and 
micronutrient intake, which result in the height and body composition attained in 
adulthood (Rosado, 1999; Rivera et al., 2003). For example, longitudinal growth 
occurs through a process of cell proliferation, where FA and VB12 work 
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synergistically and contribute to the addition of new cells to the growth plate of the 
bone,  resulting in an increase of growth (Loveridge and Noble, 1994). 
Rosado (1999) reported that growth stunting could be a consequence of the 
deficiency of one or several micronutrients. Most of the studies with FA and VBC 
are performed in pregnant women and on intrauterine growth of the foetus. In 
contrast, the majority of the studies about post-natal growth are focused on other 
micronutrients, such as iron, zinc or vitamin A.  
Nutritional status assessment for the B complex vitamins may be done by analysis 
of blood samples (Bates et al., 2011). Serum folate is an indicator of recent folate 
intake and red blood cell folate concentration is considered to change slowly in 
relation to folate intake because the erythrocytes have a120-day duration and 
accumulate folate only during erythropoiesis (WHO, 2012 c).  
The changes of folate and vitamin B12 concentrations in humans depend on 
environmental factors, such as malnutrition or malabsorption problems (García-
Miss et al., 2010) 
 
3.6 Nutrient deficiencies 
Growth stunting and malnutrition, which are often due to low consumption of 
nutrient-rich foods, are associated with several adverse outcomes throughout life 
(Rivera et al., 2003).  
During childhood, the low consumption of iron, vitamin A, zinc, iodine and B-
complex vitamins have been noted to be the cause of deficiencies in physical and 
cognitive development, maximal work capacity, visual acuity. Depending on the 
age of the child and the severity of deficiency these adverse conditions may be 
irreversible (Sivakumar et al., 2006; Vinod-Kumar and Rajagopalan, 2006). 
Vinod-Kumar and Rajagopalan (2006), in their study of children aged 5-10 years, 
reported some of the somatic effects of nutrient deficiency, identified through 
anthropometry. For children with adequate micronutrient consumption, the 
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average increase in height during a 9-month period was 3.5 cm more than that for 
children who did not consume these micronutrients. However, there was no 
significant difference in weight gain between the groups (Vinod-Kumar and 
Rajagopalan, 2006). 
Micronutrients certainly play important roles in linear growth and deficiencies in 
these crucial nutrients may result in stunting in children and subsequent short 
adult stature. Such deficiencies not only affect linear growth, but are also 
associated with obesity and an increased risk of other chronic diseases. In the 
context of the nutritional transition, there is often and increased risk of 
micronutrient deficiencies as has been shown in a study conducted in Brazil with 
children from a low-income urban population (Eckhardt, 2006).  
Over the last two decades the people of Yucatan have experienced several 
lifestyle changes, especially in relation to nutrition transition, with implications 
related to growth, development and health. ENSANUT and other studies have 
shown that the Mexican population, and in particular the Yucatecan people, are 
deficient in essential nutrients such as folate and VB12. According to the National 
Institute of Nutrition (Balam et al., 2004) Yucatan has one of the most serious 
problems of malnutrition in Mexico. 
Some of the major features of the nutrition transition affecting the Yucatecan 
people are explained here briefly. Locally grown and minimally processed corn 
and beans were the staples of the Yucatan diet for hundreds of years (Balam et 
al., 2004). However, over recent years there has been a change in the usual diet 
with the introduction of new, imported, highly processed foods with high energy 
density but low in nutrients such as folate and vitamin B12 (Balam et al., 2004; 
Singh, 2004; Bogin et al., 2014). Hand-made toritillas, containing calcium and 
folate, have been replaced by breads and cakes with added sugars and fats, such 
as pan dulces (sweet bread), with few or no micronutrients (Bogin et al., 2014). 
The problem with this change in diet for children and adolescents is that it may 
prevent optimal growth and development. There could also be repercussions in 
adulthood (Spear, 2002; Singh, 2004; Hauspie and Roelants, 2012). 
Another socioeconomic factor is the standard of living.  A combination of income 
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and the size of family is often used as a good representation of level of poverty. 
Yucatecan people have a poor standard of living that can be classified as low-
income with relatively large families (Azcorra et al., 2009). This results in high 
levels of poverty, and not enough money for the types of foods needed to feed the 
family well. These socioeconomic factors are associated with poor physical 
growth and development  (Bogin et al., 2014). . 
The current growth status of the Yucatecan people is the outcome of more than 
500 years of social and economic difficulties, Since the Spanish Conquest of 
Mexico the Yucatan people have declined in average stature. Prior to the 
Conquest, however, archaeological studies have revealed that the high social 
status Maya men during the Pre-Classic period (1000 BC – 250 AD) reached a 
height of 170 cm, and Maya women averaged 168 cm (Marquez, 1982). Following 
the Conquest the average height of Maya men and women declined with each 
generation and by the year 1989 reached 160 cm and 149 cm, respectively 
(Bogin, 1999 p. 253). The declines in height are strongly associated with 
deterioration of the total quality of life, including nutritional status (Bogin et al., 
2014).  
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Aims of the study 
This research will help to identify the relationship between folate and vitamin B12 
intake and body composition in a sample of 10-18 year old boys and girls living in 
Mérida, Yucatán.  Specifically, the study aims are: 
1. To assess the intake of folic acid and vitamin B12 in association with growth 
status in subjects aged 10 -18 years old. 
 
2. To assess the co-relationship between the 1st and 2nd measures of growth 
status and height velocity with subjects according to the consumption of 
folic acid and vitamin B12 
 
3. To assess the intake of folic acid and vitamin B12 in association with body 
composition (fat and lean tissue) in subjects aged 10 -18 years old. 
 
4. To assess the impact of socioeconomic status and ethnicity of the 
participants’ families on the intake of folic acid and vitamin B12 and their 
growth and body composition. 
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Hypotheses 
 
1. Low FA intake will be associated with a lower height-for-age z-score in 
subjects from 10 - 18 years old. 
2. Low VB12 intake will be associated with a lower height-for-age z-score in 
subjects from 10 - 18 years old. 
3. Low FA intake will be associated with reduced height velocity in subjects 
from 10 - 18 years old 
4. Low VB12 intake will be associated with reduced height velocity in subjects 
from 10 - 18 years old. 
5. Low FA will be associated with lower KH. 
6. Low VB12 will be associated with lower KH. 
7. Low FA intake will be associated with a higher TSS, BIA. 
8. Low FA intake will be associated with a higher BMI. 
9. Low VB12 intake will be associated with a higher TSS, BIA. 
10. Low VB12 intake will be associated with a higher BMI. 
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Chapter 4 Methodology 
4.1 Fieldwork 
This chapter describes in detail the methods used during the study in Merida 
Yucatan, Mexico. 
This study is part of a major research project “Human ecology of migration in 
Yucatan”, which was performed at the Department of Human Ecology of the 
Research and Advanced Studies Centre at the National Polytechnic Institute of 
Mexico Unit Merida (Cinvestav IPN, Unidad  Merida) located in Mérida, Yucatan, 
México. 
Merida is the capital of the Mexican state of Yucatan and the largest city of the 
Yucatan Peninsula Figure 9. It is located in the northwest part of the state, about 
35 kilometres from the Gulf of Mexico coast, to the east is the state of Quintana 
Roo and to the west is the state of Campeche. It has a very flat karstic topography 
and is only 30 feet (9 m) above sea level (INEGI, 2013). 
 
Figure 9 Map of Mexico with the city of Merida enlarged. 
Sources: Designed by Catherine Brown, using publically available images from 
Google, 2012  
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According to the 2010 census, the total population of Merida was 830,732 (males: 
401,340 and females: 429,392). That represents 42.5% of the total population of 
the Yucatan State (INEGI, 2013). Merida has the highest percentage of 
indigenous persons of any large city in Mexico with approximately 60% of all 
inhabitants being of the Maya ethnicity (INEGI, 2009). The most widespread 
indigenous language of Yucatán is Maya, spoken natively by approximately 
800,000 people (48.78%) in Yucatán, especially in rural areas (INEGI, 2005). 
After Guatemala, as a country, the state of Yucatan harbours one of the largest 
groups of Maya people. 
The Mayans have a very dynamic and rich cultural heritage supported by a unique 
geographical landscape. The history of the Yucatan Peninsula can be traced back 
thousands of years to the rise of the Mesoamerican civilization (INDEMAYA, 
2007). The pre-Columbian Maya inhabited a large portion of the region known as 
Mesoamerica, including territories of Guatemala, Belize, Honduras, El Salvador, 
in addition to five states in the southeast of Mexico: Campeche, Chiapas, Yucatan 
and Quintana Roo, with a history of approximately 3000 years (Castañeda, 1988; 
Nikolai and Könemann, 2006). The fact of being Maya in the 21st century is 
completely different to what it was during the pre-Columbian era, however it does 
not make them any less Maya. This population has continued to evolve from a 
historical and social point of view without losing their ethnicity (Bartolomé, 1998; 
Guzmán-Median, 2005).  
 
4.2 Study design  
This study is derived from a wider cross sectional research project, titled “Human 
ecology of migration in Yucatan", involving children and adolescents living in the 
city of Merida. Such a project aiming to identify and measures the effects of migration 
on the growth and nutritional status of individuals 9 to 17 year’s old living at 
Merida, Mexico. To meet this objective socioeconomic and cultural information of 
each family studied was obtained as well as on its migratory history. Fieldwork 
was started in September 2010 in which time the first set of measurements 
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collected.  All measurements were completed by May 2011. Then the second set 
of measurements started in September 2011 and was completed by May 2012. In 
the case of participants 10 to 18 years old, in addition to the taking anthropometric 
measurements, a food frequency questionnaire was used to assess the 
consumption of micronutrients, such as folic acid and vitamin B12, to investigate 
the relationship that exists with its growth at this stage. 
For the present study n=325 participants were included, based on having the 
required data for analysis.  The sample is not probabilistic due to limited budget 
and time available for the above mentioned project. Additional details of how the 
sample was selected and recruited are given in the following sections.  
 
4.3 Participant selection 
The sample for this study was derived from the population of juveniles and 
adolescents between 10 and 18 years old, boys and girls, resident in Mérida, 
Yucatan, México, who attended public and private schools. This population was 
sampled because the food intake of adolescents in Merida is characterised by a 
high energy diet, high in fat, cholesterol, and low in vegetables and fruit (Pardio-
Lopez et al., 1998). This imbalance is associated with overweight/obesity, as well 
as with deficiencies of vitamins such as folic acid and vitamin B-complex. As 
described in the Introduction, a deficiency of these vitamins  can cause 
megaloblastic anaemia, which is associated with poor physical growth in infants, 
children and other illnesses in adulthood (Allen and Benoist, 2006; De Benoist, 
2008; Crider et al., 2011) 
 
4.3.1 Inclusion criteria 
 This research included juveniles and adolescents aged between 10 and18 
years attending public and private school, living in Merida Yucatan.  
 One child per family was included (no siblings). 
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4.4 Recruitment in the study  
The selection of public schools in the main project was based on the geographical 
distribution of socioeconomic groups in the city, mainly the occupation and 
monetary income of the heads of family, published by the National Institute of 
Statistics, Geography and Informatics (INEGI, 2000), and based on an official 
census (Figure 10 & Figure 11) Based on this public information, schools with 
different socioeconomic status in the North and South part of Merida were 
chosen. Most of the private schools in Merida are concentrated at the north of the 
city, and the families of the students attending such schools do not necessarily 
share the socioeconomic characteristics of the neighbourhoods in which they are 
located. The private schools that took part in the study were randomly selected. 
 
 
 
 
 
 
 
 
 
 
 
After the schools were identified, authorization to visit them was requested from 
authorities of the Secretary of Education of the State of Yucatan. Both parents, 
children and adolescents received a full explanation of the aims of the project and 
Source: López Falfán, 2008.  
AGEB: basic geostatistical area 
Source: López Falfán, 2008.  
AGEB: basic geostatistical area 
Figure 11 Map of percentage of employed 
population that receives up to times the 
monthly minimum wage. 
Figure10 Map of percentage of employed 
population that receive more than five times 
monthly minimum wage. 
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were also informed that their rights would not be affected during their participation 
in the project. Written consents were obtained from parents (a sample consent 
form is provided in Appendix 4). Figure 12 shows the locations of the schools that 
participated in this study.  
 
Figure12  Location of schools in Merida that participated in this study 
 
4.5 Interviews  
4.5.1 Interview content  
There are different techniques to evaluate dietary intake. This study used a food 
frequency questionnaire (FFQ), a qualitative method based on a list of foods, in 
which the interviewed person is asked about the frequency of his/her consumption 
of each food by day, week or month. The use of a FFQ allows the food intake to 
be calculated and the general dietary pattern of the interviewed people to be 
determined. 
 As in any method, the FFQ has advantages and disadvantages. These are 
shown in Table 6.  
 
Primary schools:  
1: Josefa Ortíz Dominguez  
2: Piaget  
3: Juan Pablo Sabido Sosa  
4: José María Morelos  
5: Agustín Franco  
6: Agustin de Iturbide  
 
Secondary schools:  
7: Tecnic 2 
 8: Piaget 
9: Technical high schools 
CBTIS 129 
10: Technical high schools 
CECYTEY 06 
 
High schools:  
11: Carlos Castillo Peraza 
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Table 6 Advantages and disadvantages of FFQ method. 
Advantages Disadvantages 
 Useful to identify association of habitual 
consumption of foods with health problems. 
 Useful in epidemiologic studies which are 
designed to collect information on large number 
of participants in very quick time. 
 It can be used in large samples of population, and 
is non-invasive.  
 It provides an estimate of average daily intake of 
essential nutrients. 
 The cost is relatively low compared with a clinical 
or laboratory assessment on nutrition from blood. 
 Does not affect the participant’s behaviour 
because it requires one visit and is relatively 
quick to apply, in comparison with a multiple pass 
24 h recalls (MPR) that requires multiple visits. Or 
a “diet record” which can change behaviour or 
contain lies about consumption, because the 
information is about three consecutive days.   
 Designing a FFQ requires good information on 
food patterns in place and portion sizes 
consumed by this age group which not readily 
available. 
 The process is repetitive with a long list of foods 
and standard responses, so the subject may tire 
or become bored. 
 It depends on the long-term memory of the 
participant. 
 It is easy for the participants to overestimate or 
underestimate food consumption, because it 
does not have exact amounts.  
 The list of foods included in the FFQ does not 
provide pattern meal information. 
 This questionnaire not is used over short time 
periods like a day or three days. 
 Some human have systematic error during the 
interview, because they always under or 
overestimate the food report. 
(Muñóz and Chávez, 1996; Ávila and Tejero, 2008) 
  
The FFQ used in the present study was based in one designed and validated by 
Nicoli-Marin, (2005) in a study conducted in Merida, Yucatan, to determine the 
amount of FA and VB12 consumed by adolescents with depression disorders 
(Nicoli-Marín, 2005). The implementation of a FFQ in this study was made with 
the support of visual material that included photographs of each of the foods, with 
the aim to avoid biases in interpretation at the time of the registration of the data 
and to obtain a most accurate approximation of the portions consumed. Because 
there is no perfect dietary assessment tool to measure usual intake, all dietary 
assessment instruments are prone to error (INCAP, 2006; Henn et al., 2010). To 
overcome these problems, it is common nowadays to use both a FFQ and a 24-
hour recall (24hR) to obtain dietary information in epidemiological studies. Slater 
and co-authors (2003) presented a validation of FFQ usage in adolescents 
following the recommendations for portion size, sex and eating habits suggested 
by previous authors, such as Block et al (1958), Willett (1998) and Nelson (1997) 
(Slater et al., 2003) and found no differences for macro and micronutrient intake. 
Beaton et al (1983) and Sempos et al (1985) show that 24hR and FFQ yielded no 
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differences by sex and found a high correlation (r=0.95) between diet record and 
blood sample for macro and micronutrient intake. Although the 24hR recall is 
conceptually different from FFQ, both methods have a common characteristic, 
such as same sources of error which lead to the over- or underestimation of the 
quantities of foods consumed due to memory flaws (Sichieri and Everhart, 1998; 
Gibson, 2005; INCAP, 2006).  Following the above mentioned recommendations, 
in the present study portion size and eating habits were included in the FFQ. 
The FFQ was divided in 9 categories of food groups, each described below  
(Latham, 2002; Bourges et al., 2003; Bourges-Rodríguez, 2008) and shown in 
Appendix 5. 
1) Cereals and tubers 
2) Legumes 
3) Fruit  
4) Vegetables  
5) Animal foods  
6) Sugar 
7) Fat 
8) Seeds 
9) Others  
The questionnaires were applied at schools, by nutrition undergraduate students, 
trained and supervised by me. In four interviews, where the children were 10-11 
years old, the mother was present and contributed information. 
The second sheet used for the interview was the general questionnaire, divided 
into four sections (Appendix 6). The first one comprised a socioeconomic 
questionnaire (SEQ) that included questions about date of birth of the children, 
parents' family name, characteristics of housing such as number of bedrooms, 
total number of people living in the house, availability of toilet, kind of drinking 
water, and type of building material for housing -cement, cardboard sheet, wood, 
roof block and cement.  
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The second section covers parent education, marital status, monetary income, 
and others. The third section is on mother's biological components that in this 
study will not be used, and the last section is the anthropometric sheet (Appendix 
7). 
 
4.5.2 Food Frequency Questionnaire 
The contents of the FFQ were explained to all participants in this research, and 
each participant was asked if she/he consumed or not each foodstuff referred to in 
the questionnaire and, if so, how many days or times a day consumed that food 
(Appendix 5). 
 
4.5.2.1 Description of the questionnaire 
The FFQ was divided into two sections. The first one lists 106 local foods 
reported by Nicoli-Marín, (2005), all of which were selected for the present study, 
divided in the nine groups already mentioned, that are consumed in Merida, 
Yucatán, and that contain folic acid and vitamins of the B complex. This section 
includes thirteen columns regarding the frequency in which each food was 
consumed. The meaning of each column in Figure 13 is explained as foot notes. 
In the second section there were six simple questions about taking supplements 
of vitamins (dose), medications (dose) or any restriction of food (which and why).  
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Figure 13 Food frequency questionnaire. 
 
2 
1: The 106 foods of interest; 2: The food is consumed or not; 3 – 5: Frequency of food consumption: by month, every two weeks or weekly respectively; 6: How many times a day is consumed this food; 7: If the 
food is consumed raw or cooked; 8: How many spoons of that food were consumed per period; 9: How many cups of that food were consumed per period; 10: How many glasses of this drink were drunk per 
period; 11: How many dishes of that food were consumed per period; 12: How many slices of that food were consumed per period; 13: How many pieces of that food were consumed per period. 
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4.5.2.2 Considerations 
During the interviews it was important not to induce or suggest answers to the 
respondent. i.e.: never to ask, "Did you just eat a slice?" Or, "you never eat 
bread?" When the subject answered "No," or "Never", the answer was written 
down without ever asking:  "Never?"  This is because, the respondent might think 
they had not responded correctly. 
The frequency of consumption was asked, in the quantities as presented in the 
Manual of food sizes. For example, in this study, .the quantities included: a glass 
of milk (240 ml), a slice of bread (30g), and a teaspoon of sugar (10 g). This was 
important to get the most accurate intake. In the event that the reported frequency 
did not correspond to any photo in quantity in the manual of foods used, the 
participant was asked which picture of most closely resembled the food. 
Sometimes during the interview when some incongruence in the information was 
detected, the interviewer returned to the question that caused doubt and repeated 
the question to register the information closer to reality.  
 
4.5.2.3  Interview procedures to implement the questionnaire 
The way to implement the questionnaire is shown in Figure 15 as a flow chart 
using rice as an example.  
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Figure 14 Implementation of FFQ procedures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If yes 
If no 
No 
Yes Yes Yes 
No 
 
   
How many days 
did you eat Rice? 
How many days 
did you eat Rice? 
How many days 
did you eat Rice? 
   
 
Number of days 
in column 3 
Number of days 
in column 4 
Number of days 
in column 5 
Last 
month 
Last two 
weeks 
Last 
week 
Put a mark 
in column 2 
Do you eat Rice? 
(Column 1) 
When did you eat Rice?  
 
 
 
  
 
If cooked, mark 
yes in column 7 
If raw, mark no 
in column 7 
Number of times 
in column 6 
How many times per day did you eat Rice? 
Was this food consumed cooked or raw? 
How much rice you have taken? 
   
 
   
     
Spoon Cup Glass Dish Slice Piece 
Continue with the next food 
Put the 
quantity of 
spoons in 
column 8 
Put the 
quantity of 
cups in 
column 9
Put the 
quantity of 
glasses in 
column 10 
Put the 
quantity of 
dishes in 
column 11 
Put the 
quantity of 
sliced in 
column 12 
Put the 
quantity of 
pieces in 
column 13 
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It is important to mention that to help the participant to decide exactly the size of 
the portion he/she ate, we use a manual with pictures of all the foods including in 
the questionnaire. The picture of each food shows, below the name, the weight of 
the portion, to facilitate the coding of consumption, in grams, of each food (Figure 
15), all the food information was obtained according to the Mexican Food System 
Equivalent (Pérez Lizaur et al., 2008). The Manual of Food used for this project 
was written in 2008 by personnel of the Laboratory Somatology of Cinvestav-
Merida, based on similar documents previously used in the undergraduate 
program in nutrition at the Autonomous University of Yucatan. 
 
Figure 15  Manual of food 
  
Source: CINVESTAV I.P.N.-Merida, UADY. 2008 
 
4.5.2.4 Conversion of reported food consumption into weights  
After interviews in schools, all quantities of food of the questionnaires were 
converted to grams. This conversion was carried out only by the author in the 
Laboratory of Somatometry of Cinvestav.  
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To convert to grams, we checked the columns 7 (cooked or raw) to 12 (cooked or 
raw) of each FFQ and, based on the Manual of portion sizes (CINVESTAV/UADY, 
2008), we scored the total grams on one side of the column 13. In this way, we 
did the exercise with all the food of each questionnaire applied. 
 
4.5.3 Developing an Excel program to evaluate the consumption of 
vitamins  
4.5.3.1 The Excel program for folic acid and Vitamin B12 estimation 
The Mexican Institute of Public Health has a program to calculate the nutrient 
intake from the FFQ that includes many foods of Mexico, but mainly from the 
centre and north of the country, rather than from the south-eastern part of the 
country, where Merida is located. 
Given this limitation, the author decided to design a special Excel file to calculate 
the amount of FA and VBC that local or regional foods provided to the participants 
in this research.  
The first step was to review the literature reporting the content of micro and 
macronutrients of all foods included in the FFQ, both in their raw and cooked 
presentation (Table 7). The main sources were the National Nutrient Database for 
Standard reference (U.S. Department of Agriculture, 2013), the Mexican Food 
System Equivalent  (Perez Lizaur et al., 2008), the Institute of Nutrition of Central 
America and Panama (INCAP, 2012), and the Common foods, home measures 
and portions (Vargas Gutiérrez et al., 2008) 
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Table 7 Micro and macronutrients evaluated in the program, per 100 g. 
 
 Folic acid (µg) Calcium (mg) 
Energy (kcal) Vitamin B12 (µg) Phosphorous (mg) 
Protein (g) Thiamine (mg) Iron(mg) 
Fat (g) Riboflavin (mg) Zinc (mg) 
Carbohydrate (g) Niacin (mg) Magnesium (mg) 
Fibre (g) Vitamin B6 (mg) Sodium (mg) 
 Vitamin C (µg) Potassium (mg) 
 Vitamin A (µg)  
Monounsaturated fatty acids (g) Saturated fatty acids (g) 
Polyunsaturated fatty acids (g) Cholesterol (mg) 
Kcal= kilocalorie; g= grams; mg= milligrams; µg=micrograms 
 
 
 
In the current study only data related to folic acid and Vitamin B12 were used.   
The next step was to design an Excel table in which entry data on consumption 
(yes or no), frequency (by month), two weeks, a week, a day (how many times), 
cooked (yes or no), and how many spoons, cups, glasses, dishes, slices or pieces 
and grams. This program was designed by Carlos Vázquez, an advanced student 
of nutrition and the author. This task took approximately 7 months. 
After steps 1 and 2 two formulae were produced to calculate precise outcomes 
according to amount of food intake and if it was consumed raw or cooked. These 
formulae are explained in the next section. 
 
4.5.3.2 Data entry and processing  
Complete FFQ were delivered to the Autonomous University of Merida for data 
entry into an electronic file. All data entry was conducted by a research assistant, 
who did not perform any of the FFQ interviews.  Any data issues were resolved by 
the author.  
In the database each food was captured per month, for example if the food was 
consumed three times a week, that factor was multiplied by 4 (3 times a week x 4 
weeks a month = 12 times a month), if the intake was 3 times in two weeks it was 
multiplied by 2 (3 times in two weeks x 2 periods of two weeks a month = 6 times 
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per month) and entered in the database either 12 times a month or 6 times a 
month. 
To obtain the grams per day of consumption we used the following formula in the 
Excel file: 
[(Fm x D x HM) x FFP] / 30 = Gd 
Where: 
Fm = Number of days of consumption per month 
D= Number of times item consumed on those days – estimated average  
HM= Serving size based on home measures (spoons, cups, glasses, dishes, slices or pieces) 
FFP= Factor of Food by a Portion, in grams - Serving size based on home measures 
converted into grams 
30= days per month, and 
Gd= grams per day. 
If one participant said she/he consumed a dish of cooked rice 2 times a month 
and twice on those days, and each time ate one dish (one dish of cooked rice has 
77.5g), then: 
[(2 x 2 x 1dish) x 77.5g] / 30 = 10.3 g of rice consumed a day 
 
To obtain how much folic acid (µg) per day was consumed, the following formula 
was used: 
( Gd x FAcf ) / 100 = TFAd 
Where: 
Gd= grams per day 
FAcf= folic acid content in 100g of food (raw or cooked), in micrograms 
100= g of food 
TFAd= total folic acid in micrograms per day 
For the same participant as above, if she/he consumed 10.3 g of cooked rice a 
day, this was multiplied by 55.3 µg, the amount of folic acid in 100 g of cooked 
rice as reported by Perez Lizaur et al (2008b) 
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(10.3 x 55.3) /100 = 5.7 µg of folic acid consumed a day 
These two formulae were applied for each food, vitamin and mineral in the 
program.  
4.5.4 Interviewer training and reliability for SES  
The socio-economic questionnaire was developed based on similar instruments 
employed in research projects carried out in Yucatan in the last 29 years by 
researchers of the Department of Human Ecology in which Dr Federico Dickinson 
(FD) participated and, then, Graciela Valentin (GV). From a joint assessment 
between FD and GV, a draft of the questionnaire was obtained, which 
corresponded to the objectives of the project "Human ecology of migration in 
Yucatan", and was piloted with families residing in the city of Merida. The 
construction of the final version of the socio-economic survey was carried out in 
two stages: the first version (v1) was developed from the fieldwork experience of 
the investigators (GV and FD). The v1 was applied on a pilot basis to 7 families 
living in Merida, similar to those required in the project. From the results of the 
pilot, adjustments were made and the changes incorporated into the second 
version (v2), which was applied in a second pilot test to 14 families, similar that 
first 7, but different people. The results of this second pilot test did not lead to any 
change so that the final documents are those of the v2.  
The people who implemented the surveys were a graduate student in the master's 
degree in human ecology from Cinvestav-Merida and advanced students of 
nutrition, all of them trained and monitored regularly by staff in the Laboratory of 
Somatologia of Cinvestav-Merida who has more than 15 years of experience in 
this type of work. In the design and implementation of the questionnaires special 
care was taken not to direct or bias the answers. Questionnaires were applied by 
research students and the author.  
Completed surveys were passed to a research student for data entry. This person 
did not conduct any survey. In some cases if any of the information (number or 
word) was not comprehensible, she went in the first instance to the person who 
applied the questionnaire to resolve the doubt; if it was necessary she asked GV 
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or FD and they intervened to clarify the situation. Finally, if needed, the research 
student contacted the participant if it was possible. 
Then research student and FD reviewed, one by one the surveys and the 
responses to identify possible errors of capture or outliers. If necessary, they 
returned to the survey, or the person who applied the survey or, even the 
informant. 
 
4.5.5 Interview procedure  
After the authorities of the selected schools, parents received a sheet which 
explained the purpose of the investigation and invited them to allow their children 
participate in the study. (Appendix 4) 
With the informed consent signed, the days and times for measuring the children 
in each school were arranged and their parents were invited on the same day of 
the anthropometric measurements to attend the school at the morning to complete 
the socio-economic survey. The parents who told us that they could not attend 
were asked to make an appointment for another day or were asked if it was 
possible to visit them at home and apply the survey.  
   
4.6 Physical measures 
4.6.1 Anthropometric measurement 
All anthropometric measurements were taken by research assistants from the 
Centre for Research and Advanced Studies of the National Polytechnic Institute, 
Unit Merida (Cinvestav IPN Unidad Merida) and the author, following the 
procedures described in the manual reference of Lohman et al ( 1988).  
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4.6.2 Measurement and anthropometric techniques used 
Measurements were taken on the left side of the body and recorded by research 
assistants. During the measurements the measurer said aloud the measurement 
and the assistant repeat it aloud and recorded the measurement on the 
anthropometric sheet (Appendix 7). The assistant also helped passing to the 
measurer the anthropometric instruments and verifying the correct application of 
anthropometric technique. The participants were measured at school, wearing 
minimal indoor clothing, such as shorts and sleeveless shirts, provided by the 
research team. 
 
4.6.2.1  Weight 
Before weighing, participants were asked to remove everything from their body, 
such as bracelets, necklaces, watches, and other things from their pockets. 
Weight was measured with a digital scale (SECA, model 881, with 0.05 kg of 
precision and an error of ±0.25%). We asked the participant to stand in the centre 
of the platform with bare feet, with body weight evenly distributed between both 
feet and to look straight ahead, keep this position.  
 
4.6.2.2 Height 
We measured height using a stadiometer (SECA model 225 with 1 mm of 
precision), without shoes. We ask the participant to stand on a flat surface with 
bare feet, in a standing position; we positioned her/his head in the Frankfurt 
Horizontal Plane. The weight of the subject was distributed evenly on both feet, 
and the medial borders of the feet were placed in an angle of about 60o. Arms 
hung freely by the sides of the trunk, with palms facing the thighs. The participant 
was asked to breathe in deeply and keep completely still. The staff assistant, who 
stood in front of the participant, ensured the correct alignment of the 
anthropometer’s bar on the sagittal line. The measure was taken during breathing 
in with the arm of the anthropometer on the most superior point of the head. 
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4.6.2.3 Knee height 
Knee height was measured without shoes and with socks, using a specific tool 
called knee height meter (Figure 16) designed by Federico Dickinson after 
suggestion of Roberto Frisancho based on personal communication (2010). The 
measurement was performed with the subject seated with the knee at an angle of 
90° (Frisancho, 2011). Knee height meter is formed by two sections, the first 
section is fixed, and for the measurement it was located behind the left foot 
(Figure 16A). The second section is mobile; this could move down to the top 
surface above the condyles of the femur (Figure 17 B-C). The measurement 
included the length of the tibia plus the height of the calcaneus.  
 
 
Figure 16   Measuring instrument for knee height. 
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4.6.2.4 Waist circumference 
With the participant in a standing position the site of measurement was located at 
the mid-point between upper ridge of the left iliac crest and the last non-floating 
left rib.  
This point was located by the examiner placing her/his ring finger on the crest and 
index finger on the rib and estimating the distance half-way between the two 
fingers. The staff assistant made a little mark on the skin at the mid-way point. 
The measurement was made with a glass tape placed around the waist exactly 
over the mark. The measurement was taken at normal inhalation. All the time the 
staff assistant helped to ensure the tape was horizontal around the body. 
 
4.6.2.5 Skinfold triceps and subscapular 
The triceps skinfold was measured on the midline of the posterior part of the arm, 
over the triceps muscle, at a point midway between the acromion and the 
olecranon, using a tape measure, with the elbow flexed at a 90o angle. The staff 
assistant marked the midpoint site with a little line.  
 
The participant was measured standing. The skinfold was measured with the arm 
relaxed using a Harpenden Skinfold calliper. The callipers were held in the 
researcher’s right hand. The researcher was standing behind the participant, and 
took the measure using the thumb and forefinger of the left hand to grasp and 
 Figure 17  Measurement techniques for knee height. 
A B C 
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elevate the skin and subcutaneous fat approximately 1 cm proximal to the site of 
measurement. The calliper jaws were gently released. The researcher mentally 
counted to three and then read the gauge of the calliper. The jaws were then 
separated and the callipers were removed from the skin. Skinfolds measurements 
were recorded to the nearest millimetre. 
 
To measure the subscapular skinfold, the participant was asked to stand up in a 
straight position, with the upper extremities relaxed at the sides of the body. Next, 
the participant was asked to put his left arm bent behind the back at an angle of 
approximately 45° so that the scapula was visible. Following that, the area was 
marked with a pen in the inferior angle of the scapula. The skin and subcutaneous 
fat were grasped at a 45° angle, approximately 1 cm below the lowest point of the 
scapula and the participant was asked to relax her/his arm and then the 
measurement was taken. 
 
4.6.3 Bioelectrical impedance analysis 
Bioelectrical impedance analysis (BIA) was used to estimate the participant’s fat 
free mass (FFM). BIA was taken using Bodystat® 1500, Bodystat Ltd. Before 
measuring the BIA, the participant was asked to drink 30 ml of water and rest for 5 
minutes. They were asked to lie down on an inflated bed without shoes, socks or 
metal jewellery. The participants were asked to lie still, with their legs and arms 
lightly separated without touching other part of the body. 
 
BIA measurements were taken on the right side of the body. Electrode pads were 
attached to the hand between the 3rd and 4th metacarpophalangeal joints and 
between the distal prominences of the ulna and radius. On the foot, the electrodes 
were placed one between the 3rd and 4th metacarpophalangeal joints and the 
other on the ankle, between the medial and lateral malleoli.  
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4.7 Data handling 
4.7.1 Data cleaning 
Cleaning the data consisted basically of checking the match between the 
database and the original questionnaires. This process was completed by the 
author during a five week period. For the socio-economic and the anthropometric 
data there were 23 mis-matches of data entry in 5,236 observations (0.44% error 
rate). For the food frequency questionnaires there were 55 mis-matches of data 
entry in 163,240 observations (0.03% error rate). These mis-matches were due to 
human mistakes entering data. In total there were 78 mistakes of data entry in 
168,476 observations (0.04%) for the whole database used for this research. It 
can be concluded that this margin of error is acceptable, because it is less than 
1% of error rate (Brancard et al., 2011). After correction the data were exported to 
Stata 13 for analysis.  
Random errors are always present in a measurement, caused by misreading of 
the measurement instrument and by misunderstanding or miscommunication 
between interviewers or between the person taking the measurement and the 
person recording the measurement. The random error can be estimated using the 
comparison of multiple measurements and it can be reduced by using an average 
of several measurements (Brancard et al., 2011). In contrast, the systematic error 
cannot be discovered in this manner. The systematic error is typically a 
predictable and constant, or proportional, difference between the true value and 
the reported or recorded value (Van Den Broeck et al., 2005). If the cause of the 
systematic error can be detected, then it can be eliminated, such as under-
reporting amount or frequency of consumption of a diet item on a FFQ. 
Systematic errors may also be caused by measuring instruments that are not 
calibrated, or imperfect methods of observation, or in some cases by the 
interference of the environment with the measurement process, affecting the 
results of the study in a predictable direction (Van Den Broeck et al., 2005; 
Brancard et al., 2011). Both random and systematic errors were noted in the FFQ 
used in the present study, but as reported above these errors were infrequent. 
Obvious errors were eliminated, for example cases of total energy consumption 
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above 4,000 kcal/day (Rodríguez-Ramírez et al., 2009). 
Beside the above mentioned errors, there are other possible sources or errors, 
such as over- and under-reporting and recall biases, but it was impossible for us 
to quantify them because we had no validation tools (e.g. test-retest of FFQ vs 
24h recall).  
The sample for my study was initially formed by 326 participants, 18 of these were 
excluded due lacking data or, in some cases, because one of her/his brothers or 
sisters were already enrolled in the study. Also, 35 participants with extreme 
values in intake were excluded, as explained previously. The cut-off of 4,000 kcal 
was decided after reference checking of adolescents’ energy intake by age and 
sex (Rodríguez-Ramírez et al., 2009). On receipt of the final version of the dataset 
to work on at Loughborough University, the author scanned all copies of the 
interviews, anthropometry sheets and food frequency questionnaires.  These 
electronic versions of the database were used for analysis. 
 
4.8 Derived variables   
4.8.1 Micronutrients 
Consumption of folic acid and Vitamin B12 (µg/day), as continuous variables were 
used to compare with socioeconomic and anthropometric data.  
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4.8.2 Socio-economic indicators  
Table 8 shows the socioeconomic variables derived from Appendix 6.  For the 
purpose of this study, the author used only four variables and not all of the 
information from the SES questionnaire. The selection of these four variables was 
based on results of studies done by Azcorra and co-authors (2009, 2013) with 
samples from social groups from Merida, Mexico, similar to those used in the 
present study. According to these articles, overcrowding index is the most 
important of the four socioeconomic variables selected, in terms of growth and 
nutritional status. 
 
Table 8  Socioeconomic derived variables 
Variable Variable type 
Overcrowding index a Continuous     
Maternal education Ordinal     
Maya surnames Ordinal  
Family income b Ordinal  
a
 Overcrowding index was calculated dividing the number of persons at home by the number of rooms used to 
sleep. 
b
 Family income was calculated, in four categories of the number of minimum salaries in the household. 
  
4.8.3 Anthropometry 
The anthropometric variables derived are shown the Table 9. 
Weight, height, waist circumference, skinfold and body composition used the 
growth comprehensive reference values from Frisancho (2011) and knee height 
index (KHI) was obtained by dividing knee height measurement by height. The 
database from which this comprehensive reference values was created using data 
from the National Health and Nutrition Survey III (1994-1998) and includes data 
from Mexican-American individuals from 2 months to 90 years of age, reported in 
percentiles and z-score values. 
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Table 9 Anthropometric derived variables 
Variable 
Unit 
Weight-for-age 
Percentiles / z-score    
Height-for-age Percentiles / z-score    
Knee height index (KHI) (cm) 
BMI (body mass index) a (kg/m2) 
BMI-for-age  
Percentiles / z-score 
Waist circumference -for-age (WC) b Percentiles / z-score    
Subscapular skinfold -for-age (SS) c 
Percentiles / z-score 
Upper arm circumference 
Percentile / z-score 
Triceps skinfold -for-age (TS) c 
Percentiles / z-score     
Sum of skinfold thickness –for-age (TSS) b c 
Percentiles / z-score    
Fat free mass-for-age (FFM) Percentiles / z-score     
Total body fat-for-age (TBF) d Percentiles / z-score    
a 
Overweight/Obesity; 
b 
Central obesity; 
c 
Subcutaneous obesity; 
d 
Excess body fat 
  
4.8.4 Bioelectric impedance 
The FFM for the participants was estimated using an equation developed recently 
by Valencia et al. (Unpublished). The equation was developed using resistance 
and reactance data, obtained by bioimpedance, from a sample of 70 young 
Mexican boys and girls between 9 to 18 years, selected in a random way and 
validated using the method of dilution with deuterium by Fourier transform 
method, which measures the total body water and hydration coefficients for age 
and sex, as well as the kilograms of FFM. Using this formula Valencia et al. 
obtained a better R2 (0.97) and a lower mean square error (1.57 kg) for body 
weight.   
Equation 1:  
FFM (Kg) = (0.4993 x age + 0.5393 x Ht2/ R + 0.2293 x Wt + 0.1503 x Xc) – 
12.931 
FM= Wt – FFM (kg) 
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%BF= FM (kg) x 100/ Wt 
 
Where: 
Age: years, Ht2: stature (cm)2, R: resistance (Ω), Wt: weight (kg), Xc: reactance 
(Ω) 
 
4.9 Data analysis 
All data collected were analysed with the most recent available versions of STATA 
13 and SPSS 19 program. 
  
4.9.1 Food consumption  
Food consumption of the participants were described using descriptive statistics. 
Intake frequency and percent of recommended intake for folate and vitamin B12 
(µg/day) were calculated using criteria points by FAO/WHO (2001) (Table 3 in 
section 3.2).  The FAO/WHO expert group agreed with the findings of the Food 
and Nutrition Board of the US National Academy of Sciences, which explained the 
process of absorption for both vitamins (FA and VB12) in the human being, and 
that only 50% of the total; consumption of these two vitamins are absorbed by the 
body. This group of experts suggested a formula for calculating the dietary 
equivalents for these vitamins (FA and VB12) to determine the RNI, where: 
 
1 μg of FA or VB12 = 1 μg of food FA or VB12 = 0.5 μg of FA or VB12 intake by food 
After this formula was applied, descriptive statistics, such as means and standard 
deviations, were generated to describe relevant adequacy and inadequacy for 
both vitamins. For FA, adequacy was defined as more than 400 µg intake per day 
and inadequacy less than 400 µg per day. However, in the regression analysis the 
FA was classified by us under four categories: adequate > 400 µg; mild deficiency 
>300 to < 399 µg; moderate deficiency >200 to < 299 µg and several deficiency < 
199 µg, For VB12, adequate intake was defined as more than 2.4 µg per day and 
inadequacy less than 2.4 µg per day. These are ordinal variables. 
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Also were calculated the energy intake (kcal/day). The macronutrient (fat, protein 
and carbohydrates) intakes were calculated in grams per day.  
Similarly, percentages and descriptive statistics (means and standard deviations) 
were generated to describe percentage of adequacy for micronutrients. 
 
4.9.2 Socioeconomic data 
Crowding index was created by dividing the number of person at home by the 
number of rooms used to sleep (UN-HABITAT, 2006).Family income was created 
for the sum of the monthly monetary contribution made by all those helping to 
cover household expenses. Four categories were created: <1 salary per day; 
between 1-2 salary per day; between 3-4 salary per day and >5 salary per day. 
Maternal education was grouped into three categories: 1) basic education 2) high 
technical education and 3) any university education. 
Maya surnames were divided according to the source of the Maya name:  
(M -M) Both Maya surnames, 
(N-M) Just maternal Maya surname, 
(M-N) Just paternal Maya surname, 
(N-N) No Maya surname. 
 
4.9.3 Nutritional status  
Nutritional status was assessed through anthropometric values using the 
comprehensive references published by Frisancho (2011) that proposes five 
categories of anthropometric nutritional status based on percentiles and z-scores 
(Table 9).  The Comprehensive reference was created using data from the Third 
National Health and Nutrition Examination Survey (NHANES III) from the United 
States in 1999-2002. The NHANES is a nationally representative sample of the 
US population, which over-sampled ethnic minorities. In this survey the 
percentage of participants according to ethnicity was: White (European-American) 
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34.4%, Black (African-American) 26.8%, Hispanic/Latino (mostly Mexican-
American and Cuban) 27.0% and other 4.3%, with 7.5% missing an ethnic 
affiliation. NHANES III is, perhaps, the largest sampled, statistically validated 
growth reference that includes adolescents of Mexican descent. It is considered 
the most appropriate for use with a Mexican population such as the Maya. 
Therefore, the z-scores calculated from the Comprehensive references are the 
one used in statistical analyses. 
 
Table 10 Classification of growth and nutritional status based on percentiles and 
z-score, proposed by Frisancho 
Percentile z-score  Height for 
age 
WC for age TSS for age 
0.0 – 5.0
th
 Z < -1.650   Stunted   
Below average 
Lean fat 
5.1 – 15.0
th
 > -1.645 Z < -1.040  Below average Low fat 
15.1 – 85.0
th
 > -1.036 Z < +1.030  Normal  Healthy range Average 
85.1 – 95.0
th
 > +1.036 Z < +1.640  
Tall  
Excessive Above average 
95.1 – 100.0
th
 Z > +1.645  Risk abdominal obesity Risk obesity 
WC: Waist circumference; ∑TSS: Sum triceps and subscapular skin folds. Source: (Frisancho, 2011) 
 
To obtain the percentage of body fat, the following formulae were used  
(Frisancho, 2011): 
 
Total upper arm area: 
TUA (mm) = C2 / (4 x π)  
Upper arm muscle area: 
UMA (mm2) = [C – (Ts x π)]2 / (4 x π) 
Upper arm fat area: 
UFA (mm2) = (TUA-UMA) 
Arm fat index: 
AFI (%) = (UFA/TUA) x 100 
Where:   C: Upper arm circumference; π: 3.1416; Ts: Triceps skinfold  
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Body mass Index (BMI) was calculated using the formula:  
BMI (kg/m2) = Weight (kg)/ height (m2) 
 
The knee height index was calculated using the formula: 
KHI (cm) = (knee height (cm)/height (cm)) x 100 
 
From velocity growth using Tanner, (1962) formula:  
 Height velocity (cm/yrs) = [(Ht2 –Ht1) / (Age2 – Age1)] 
 Where: Ht2: Height (cm) second measure; Ht1: Height (cm) first measure; Age2: Age 
(year) in second measure; Age1: Age (year) in first measure.  
 
Data analyses were as follows: 
 Descriptive analyses are shown in the Results chapter. Frequencies and 
percentages were calculated, stratified by sex and age. Descriptive 
statistics were also calculated for 1) socioeconomic data by Maya 
surname, family income by salary, maternal education; 2) percentage of FA 
and VB12 intake, by sex, using a reference nutrient intake suggested by 
FAO/WHO (2001) and 3) nutritional status of participants, determined by 
comparing anthropometric values with comprehensive references from 
Frisancho (2008). Student’s t-tests, Chi square tests, Wilcoxon analysis 
and related statistics were applied depending on the kind of variable tested 
in this study (continuous or interval) 
 Linear regression models will be described in Inferential Results chapter.  
The results obtained from a linear regression model based on the formula 
Y = α + β1X1 +...+ βk X k + ε, where: Y = Variable Response; β0 = 
Intercept, β1 = Slope, X = Predictor variable and ε = error attributable to 
different elements to the observed value of X (Pagano and Gauvreau, 
2001). This analysis is used to assess the association of independent 
variables, i.e. socioeconomic status, nutritional status and body 
composition variables with the adequate intake of folic acid and vitamin B12. 
Chapter 4. Methodology 
77 
 
The outcome variables were: height, height velocity, knee height index, 
weight, triceps, subscapular skinfolds, sum triceps and subscapular 
skinfolds, waist circumference, body mass index, and fat free mass. And 
the independent variables were: consumption of folic acid and vitamin B12, 
maternal education, salary a day, Maya surname, overcrowding, sex and 
age.  
 
 
4.10 Ethical considerations 
This proposal was submitted to the Committee of Bioethics Committee for the 
Study of Human Beings of Cinvestav IPN Unidad Mérida, approved on May 28, 
2008 (Appendix 8) 
Confidentiality and anonymity of data is maintained at the Somatometry 
Laboratory of the Department of Human Ecology Cinvestav-Merida.    
The Human Participants ethics sub-committee of Loughborough University 
accepted the Cinvestav approval from Mexico.  
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Chapter 5 Results 
5.1 General description of sample  
The database comprises complete data for the first and second set of 
measurements for 273 participants: 152 girls and 121 boys. The samples were 
from public schools (97.44%) and private schools (2.56%). The mean age of 
participants at the first measurement ranged from 9.10 to 17.98 years, with a 
mean age of 12.70 years (±2.27 SD) and a median age of 12.16 years (Table 11).  
 
At the second measurement the age range was 10.17 to 18.89 years, with a mean 
age was of 13.67 years (±2.26 SD) and a median age of 13.13 years. Greater 
detail of the distribution of participants by age and sex is shown in Table 12. 
There were no significant differences in age between girls and boys (z=2.215, 
p=0.260, Wilcoxon rank sum). After Chi-square analysis no significant differences 
were found in the proportion of girls and boys by age groups (X2=5.89, p=0.65). 
Therefore, there was a good balance in the number of participants according to 
sex and age.   
 
Table 11  Distribution of participants by age and sex, first year of 
measurement 
Age groups 
(years) 
Boys  Girls Total 
N % n % n % 
09.0-09.9 11 9.09 12 7.89 23 8.42 
10.0-10.9 28 23.14 21 13.82 49 17.95 
11.0-11.9 25 20.66 30 19.74 55 20.15 
12.0-12.9 22 18.18 29 19.08 51 18.69 
13.0-13.9 9 7.44 13 8.55 22 8.06 
14.0-14.9 5 4.13 9 5.92 14 5.13 
15.0-15.9 9 7.44 16 10.53 25 9.16 
16.0-16.9 7 5.79 12 7.89 19 6.96 
17.0-17.9 5 4.13 10 6.58 15 5.49 
Total 121 100 152 100 273 100 
Girls: min=9.34, median= 12.36, max= 17.84; Boys: min=9.11, median= 11.75, max= 17.62 
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The sample includes participants of the two major ethnic groups of Merida; 
Mestizo and Maya. Ethnicity was defined by the analysis of surnames.  In Mexico, 
individuals have two surnames, one from their father and one from the mother, in 
all official documents. These patronymic surnames in Yucatan distinguish people 
as being from the Mestizo or Maya culture (Colantonio et al., 2003). Of the 273 
participants in my study, 61 had both maternal and paternal Maya surnames, 51 
participants had only maternal Maya surnames and 45 had only paternal Maya 
surnames. The remaining 116 participants had two Mestizo surnames, 
predominantly of Spanish origin, but also a few of other European origins. (Table 
13) 
Table 13 Maya surnames 
 n Percent 
M - M 61 22.34 
N - M 51 18.68 
M – N 45 16.48 
N – N 116 42.49 
Total 273  
M-M: Both surname Maya; N-M: Just maternal maya surname; M-N: Just father 
maya surname; N-N: None maya surname 
 
Table 12 Distribution of participants by age and sex, second year of 
measurement 
Age groups 
(years) 
Boys  Girls  Total 
N % n % n % 
10.0-10.9 11 9.09 12 7.89 23 8.42 
11.0-11.9 28 23.14 21 13.82 49 17.95 
12.0-12.9 25 20.66 30 19.74 55 20.15 
13.0-13.9 22 18.18 29 19.08 51 18.69 
14.0-14.9 10 8.26 14 9.21 24 8.80 
15.0-15.9 5 4.13 9 5.92 14 5.13 
16.0-16.9 8 6.61 15 9.87 23 8.42 
17.0-17.9 7 5.79 13 8.55 20 7.32 
18.0-18.9 5 4.13 9 5.92 14 5.13 
Total 121 100 152 100 273 100 
Girls: min=10.31, median= 13.34, max= 18.80; Boys: min=10.08, median= 12.73, max=18.70 
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5.2 Social and living condition 
The living condition of the participants was described using descriptive statistics. 
Data relating to family members, such as salary per day and maternal education, 
were calculated using frequencies and percentages. Dispersion statistics (mean, 
standard deviation, and minimum/maximum values) were calculated for the 
sample data.  
 
5.2.1 Overcrowding 
The National Council for the Evaluation of Social Development Policy of Mexico 
(Spanish acronym: CONEVAL), defines overcrowding as when the number of 
occupants per room is equal to or greater than 2.5 (CONEVAL, 2014). According 
to this definition, 97 participants (36%) lived in overcrowded homes at the time of 
the research. 
 
5.2.2 Family income 
For the purposes of this research, family income is defined as the sum of the 
monthly income of all family members who reported an income within the 
household. (Table14)  There were no significant differences in family income 
between girls and boys (z=0.38, p=0.697 Wilcoxon rank sum test).  
Table14 Descriptive statistics of monthly family income 
 Mexican pesos Pounds1 Dollar2 
Minimum 200.00 10.25 15.83 
Maximum 52000.00 2665.30 4117.18 
Mean 6752.45 346.10 534.63 
Std. Deviation 6621.41 339.38 524.26 
Median 5000.00 256.28 395.88 
Exchange rate for 2010 according to the Bank of Mexico 
1
£1= 19.51 MXN (Mexican Pesos) and 
2
$1= 
12.63 MXN. 
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5.2.3 Salary  
According to the Supreme Court of Justice of the Nation of Mexico (Spanish 
acronym: SCJNM), in Article 90 of the Federal Law of Work, salary is defined as 
an amount of money or compensation paid to an employee by an employer in 
return for work performed. In Mexico, a salary is equal to the amount of money 
paid for a day's work (normally 8 hours). The salary is paid, most frequently, in a 
bi-weekly pay check, with the exception of professional employees, who are paid 
monthly. The minimum salary (MS) is the standard unit of measurement used in 
Mexico to categorize earnings. The poorest people earn less than one MS per 
day, week or month and the richest people earn many hundreds of MSs per unit 
time. A single MS is not sufficient to meet a family's normal needs, or to provide 
the obligatory education of the children. Earnings of at least 2 MS are required to 
meet basic family needs (SCJNM, 2010). For the present study, family earnings 
were transformed into the number of minimum salaries in the household per day 
and categorized as shown in Table 15. Almost one quarter of the sample are at or 
below the poverty line, earning less than one MS/day. Only 7.3% of the 
participants did not report salary data. 
Table15 Minimum salary per day by household 
Salary (%) MXN £1 $2 
<1 24.90 54.47 2.79 4.31 
1-2 22.53 108.94 5.58 8.63 
 3-4 31.23 163.41-217.88 8.38-11.17 12.94-17.25 
>5 21.34 272.35 13.96 21.65 
Min= 1, p25= 3, p50= 4, p75= 5, Max= 7 
MXN= Mexican pesos; £=pounds: $=dollar. Exchange rate for 2010 according to the Bank of Mexico 
1
£1= 19.51 
MXN (Mexican Pesos) and 
2
$1= 12.63 MXN. 
 
5.2.4 Maternal education 
In Mexico, the formal education system is organised as follows: 6 years of primary 
education, 3 years of secondary education, and 3 years of preparatory education. 
Then, people have further educational options, including professional studies 
(technical or short courses) or university studies. Figure 18 shows the 
percentages of education reported by the mothers of participants. The proportion 
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of mothers with primary education or less was 41.02 %. Furthermore, 4.76% of 
mothers did not finish any level of formal education and only 7.32% have studied 
at university. 
. 
Figure 18 Maternal education. (n=273) 
 
 
5.2.5 Menarche 
A total of 126 female participants (83%) reported that they were menstruating. For 
these girls, their reported ages at menarche were used to estimate the median 
age at menarche for the entire sample. Based on the Kaplan-Meier method for 
survival analysis the median was estimated to be 12.93 years  (Figure 19). The 
results of the present study accord well with another recent report by 
Hermanussen et al., (2014) that the median age at menarche in Mexico during the 
last decade was 13 years. Table 15 shows some results from others studies, 
which reported the average age of menarche in Yucatan.  The median age of 
menarche for all the studies included in Table 16 is 12.7 years.  
4.76% 
36.26% 
28.20% 
9.52% 
11.35% 
7.32% 
None Primary school Secondary
school
Preparatory
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students
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Figure 19 Median menarche (Kaplan-Meier survival analysis). Only those girls 
who were menstruating and reported an age at menarche were included in the 
analysis (n=126).  
 
Table 16 Estimated median ages at menarche in samples of Yucatan, Mexico. 
Source Location Year of 
survey 
n Media
n 
Diaz-Bolio, (1964) * Merida, urban Yucatan,  1960s 993 12.6 
Valentin, (1995) Progreso, rural, Yucatan  1010 12.1 
Beyene (1989) ǂ Chichimila, rural, Maya  1981 - 13.3 
Daltabuit (1992) ǂ Yalcobá, rural, Maya  1986–1987 - 13.2 
Wolanski et al (1993) ǂ Merida, urban, Maya 1988-1989 - 12.9 
Wolanski et al. (1993) ǂ Merida, urban, non-Maya 1988-1989 - 12.3 
Siniarska and 
Wolanski (1999) ǂ 
Merida, urban  1993–1995 - 12.4 
Siniarska and 
Wolanski (1999) ǂ 
Progreso, urban middle 
class  
1993–1995 - 12.6 
Beyene and Martin 
(2001) ǂ 
Chichimila, rural, and 
Valladolid, urban, Maya  
1980s–
1990s 
- 13 
Gurri et al (2001)** ǂ Yucatan, rural 1992-1996 135 12.8 
Gurri et al. (2001)** ǂ Several rural 
communities, Maya  
1992–1996 - 12.7 
Current study Merida 2010 126 12.9 
*Probit analysis 
**Logit analysis 
Sources: ǂ (Malina et al., 2004b) 
12.93yrs 
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5.3 Macronutrient status 
In Tables 17 and 18, the macronutrient status of boys and girls participating in the 
present study is indicated. These are estimates of total amount of food consumed  
and the amounts of food consumed in each category of carbohydrates, lipids and 
proteins  according to the recommendations of ENSANUT, 2006 (Bourges-
Rodríguez, 2008; Rodríguez-Ramírez et al., 2009; Barquera, 2012). The highest 
proportion of participants (for both boys and girls) are found in the category ‘More 
than adequate’ macronutrient intake. Furthermore, the category with the second 
highest percentage was ‘Very low adequacy’ for both sexes. 
  
Table 17 Frequency of macronutrient intake status in boys, according to the 
ENSANUT* 2006 recommendations (n=121)  
Status 
kcal Carbohydrate
s  
Lipids  Protein 
n % n % n % N % 
Very low adequacy a 29 23.97 - - 16 13.22 1 0.83 
Low adequacy b 19 15.70 1 0.83 7 5.79 1 0.83 
Adequate c 15 12.40 - - 7 5.79 2 1.65 
More than adequate d 58 47.93 120 99.17 91 75.21 117 96.69 
*Mexican National Health and Nutrition Survey; Total energy intake, measured as kcals. Cut-points for intake status 
are: a: Very low adequacy: <75% of recommended daily intake; b: Low adequacy: between 75 -89% of 
recommended daily intake; c: adequate: between 90-110% of recommended daily intake; d: more than adequate: 
110% or more of recommended daily intake.  
 
 
Table 18 Frequency of macronutrients intake status in girls, according to the 
ENSANUT* 2006 recommendations (n=152)  
Status 
kcal Carbohydrate
s 
Lipids  Protein 
n % n % n % N % 
Very low adequacy a 49 32.24 1 0.66 20 13.16 3 1.97 
Low adequacy b 20 13.16 - - 11 7.24 - - 
Adequate c 22 14.47 2 1.32 21 13.82 4 2.63 
More than adequate 
d 
61 40.13 149 98.03 100 65.79 145 95.39 
*Mexican National Health and Nutrition Survey; Total energy intake, measured as kcals. Cut-points are: a: Very low 
adequacy: <75% of recommended daily intake; b: Low adequacy: between 75 -89% of recommended daily intake; c: 
adequate: between 90-110% of recommended daily intake; d: more than adequate: 110% or more of recommended 
daily intake. 
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5.4 Nutritional indicators of folic acid and vitamin B12 states  
Folic acid (FA) and vitamin B12 (VB12) data were estimated from the food 
frequency questionnaire. The food frequency questionnaire was described in 
Chapter 6, in section 6.5.2.  
The FA and VB12 consumption frequencies were different for boys and girls. The 
variables (FAµd/day, VB12 µd/day, mean and standard deviation for age and sex) 
are given in appendix 9: the FA values ranged from 44.79 to 2003.19µg/day, with 
a mean of 378.16 (±247.95 SD) and a median of 318.87µg/day. The methodology 
for FA and VB12 estimation was described in section 4.9.1. The VB12 values 
ranged from 0.28 to 91.81µg/day, with a mean of 3.07 (±6.53 SD) and a median of 
1.59µg/day. There are significant differences in FA by sex, with the boys, as a 
group, having a higher value than the girls (419.38 vs 345.34 z= 2.563 p<0.05, 
Wilcoxon rank-sum test). For VB12 there are no significant differences, the 
consumptions were very similar for both sexes.  
Percentage of adequacy data for FA and VB12 are shown in Table 19 and 20, 
respectively. The overall percentage of adequacy of folic acid intake per day was 
35.90%, whilst 62.27% had an inadequate intake. Chi-square analysis showed a 
significant difference in the proportion of FA intake by sex (X2=9.66, p<0.005). For 
VB12, 69.23% of participants had an inadequate consumption per day for this 
vitamin. There was no statistical significance regarding VB12 intake between the 
sexes (X2=0.041, p=0.839). 
 
Table 19 Percentage of adequacy of folic acid intake per day by sex1 
Status  
Sex 
Total 
Boys  Girls  
n (%) n (%) n (%) 
Inadequate a 63 52.07 107 70.39 170 62.27 
Adequate b 58 47.93 45 29.61 103 37.73 
Total  121 100 152 100 273 100 
1
 FAO/WHO (2001); Chi2-square X
2
=9.66, p<0.005. Cut-points was: a: < 400 µg/day; b: > 400 µd/day.  
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Table 20 Percentage of adequacy of vitamin B12 intake per day by sex
1
 
Status 
Sex 
Total 
Boys  Girls  
n (%) N (%) n (%) 
Inadequate a 83 68.60 106 69.74 189 69.23 
Adequate b 38 31.40 46 30.26 84 30.77 
Total  121 100 152 100 273 100 
1
 FAO/WHO (2001). Cut-points were: a: < 2.4 µg/day; b: > 2.4 µd/day. 
 
FA deficiency was classified by us under four categories, based on our results 
(Figure 20). Just over 20.66% of the boys and 30.26% of the girls were in a state 
of severe deficiency. When grouped into the categories of Figure 18, there was a 
significant difference in the distribution of FA deficiency by sex (z = 3.016 p<0.05, 
Wilcoxon rank sum test). 
 
Figure 20 Percentage of folic acid inadequacy intake per day by sex. Categories 
based in the results of present study. 
 
 
47.93% 
14.88% 16.53% 
20.66% 
26.61% 
16.45% 
23.68% 
30.26% 
0
10
20
30
40
50
60
Adequate
> 400 µg
Mild deficiency
>300 to <399µg
Moderate deficiency
>200 to <299µg
Severe deficiency
<199µg
%
 
Male Femalen= 121 n= 152 
Chapter 5. Results 
88 
 
5.5 Anthropometric indicators of nutritional status 
Another method used to assess the nutritional status for the participants was by 
analysis of anthropometric measurements and derived variables. These estimates 
of nutritional status are shown in the following tables, presented by age and sex.  
 
 
5.5.1 Anthropometric indicators 
For the entire sample, the range of height varied from 123.0 to 174.2 cm. 
Descriptive statistics are shown in Table 21. Z-score values for height-for-age 
(HZ) ranged from – 3.15 to 1.75 with a mean of -.95 (Table 21). The mean of HZ 
in boys is -0.89 shorter than the USA (CDC) references and for girls it is 1 z-score 
shorter than the same references. The knee height index (KHI) for all participants 
was also calculated. By 10 years of age, the KH is fairly stable in the sample. This 
is expected as knee height (tibia length) increases mostly from birth to about age 
8 or 9 years (Table 21) (Vázquez, 2013). This measurement was included in this 
study as an indicator of adolescent’s growth from birth to age 9 years. Relatively 
short KH, meaning a low KH, is an indicator of poorer growth between birth and 
age 9 years. The z-score was not calculated as there are no appropriate 
reference data for KH. Other anthropometric measurements of body proportions, 
such as sitting height or leg length, were not recorded. 
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Table 21 Descriptive statistics (mean ± SD) for age and sex. 
Age of groups 
(year) 
n 
Height (cm) 
Height-for-age z-
score 
1
 
Knee height (cm) KH
2
 
Mean ±SD Mean ±SD Mean ±SD Mean ±SD 
Boys          
10-10.99 11 135.47 8.11  -0.79 0.38 42.70 4.35 31.47 1.82 
11-11.99 28 138.92 5.62 -0.49 0.18 44.76 2.15 32.21 0.58 
12-12.99 25 145.43 7.06 -1.14 0.16 46.49 2.32 31.97 0.56 
13-13.99 22 153.72 10.54 -1.13 0.18 49.40 3.91 32.12 0.74 
14-14.99 10 161.32 6.06 -1.00 0.24 51.84 2.22 32.13 0.41 
15-15.99 5 163.78 7.13 -0.94 0.25 53.22 2.71 32.49 0.69 
16-16.99 8 165.45 3.35 -1.21 0.26 51.93 2.02 31.36 0.75 
17-17.99 7 168.74 4.94 -0.50 0.33 52.97 1.35 31.41 1.13 
18-18.99 5 169.32 3.62 -0.65 0.30 53.10 0.80 31.36 0.37 
Total  121 150.25 13.20 -0.89* 0.91 48.00 4.37 31.94 0.879 
 
Girls          
10-10.99 12 141.65 6.45 -0.84 0.21 44.82 1,76 31.65 0.62 
11-11.99 21 144.83 6.41 -1.12 0.21 45.72 2.23 31.57 0.66 
12-12.99 30 146.44 4.86 -1.00  0.15 46.00 1.93 31.40 0.59 
13-13.99 29 150.15 4.89 -1.02 0.17 47.01 2.13 31.30 0.64 
14-14.99 14 152.53 4.97 -1.09 0.27 47.32 2.03 31.02 0.51 
15-15.99 9 152.48 6.49 -1.08 0.16 47.72 2.44 31.29 0.45 
16-16.99 15 153.88 5.43 -0.81 0.22 48.14 1.92 31.28 0.53 
17-17.99 13 155.20 6.27 -1.01 0.21 48.77 2.36 31.42 0.65 
18-18.99 9 156.20 4.08 -1.03 0.34 48.60 1.78 31.11 0.68 
Total  152 149.53 6.87 -1.00* 0.85 46.89 2.33 31.35 0.61 
1
 Frisancho Comprehensive reference (2011) by sex and age z-score; 
2
 Knee height index=(knee 
height/stature)*100; *CDC tables. 
 
Figure 21 shows the average height velocity (cm/yrs) by age for boys and girls. 
There was a significant positive correlation between 1st and 2nd measurements of 
growth (r=0.96). The greatest velocities for girls are at ages 10 and 11 years, 
while the greatest velocities for boys are at 12, 13 and 14 years. It is well known 
that, on average, that these are the typical ages for the adolescent growth spurt 
for girls and boys (Shuttleworth, 1938; Tanner, 1962). The Merida participants of 
the present study seem to follow these expectations.  
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Figure 21 Height velocity (cm/yrs) by age of the Merida participant of girls and 
boys, estimated by the Tanner formula(Tanner, 1962): [(height2-height1)/ (Age2-Age1)] 
 
Regarding weight, BMI and waist circumference (WC) results reveal that the 
weight values ranged from 26.05 to 96.6 kg, with a mean weight of 50.82kg 
(±14.14 SD) and a median of 49.4kg. BMI values ranged from 13.8 to 37.3 kg/m2, 
with a mean of 23.30 (±4.34 SD) and a median of 21.9 kg/m2. The WC value 
ranged from 54.3 to 107 cm, with a mean of 72.89cm (±10.40 SD) and a median 
of 71.5 kg/m2 (Appendix 10), of these variables reveal that the WC is bigger than 
anticipated for the younger age groups (10 to 11.99 year), although the weight is 
as expected for the age groups by sex (95% CI, R2=0.923, adjusted R2=0.921 and 
Shapiro-Wilk residual normality test: w=0.979, p=0.000). This results show that 
there are people, both adult and young (in this case, age group 10 to 11.99 year), 
that despite having a normal weight have an abdominal obesity according to WC, 
and reverse or people with overweight, who have fat distributed around of the 
body and therefore a lower cardio metabolic risk. This is due in part to the 
genetics and lifestyles of the people (Cordain et al., 2005). 
Z-score values were also calculated for the weight-for-age (Wz), BMI-for-age 
(BMIz) and waist-for-age (WCz), using the comprehensive references by 
Frisancho (2011). The Wz values ranged from -1.97 to 2.52, with a mean of 0.11 
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(±0.91 SD). Table 22 shows that, for boys, the mean for Wz is to close (0.06) to 
data from the USA (CDC) references and for girls it is 0.14 z-score more than in 
the USA references. BMIz values ranged from -1.60 to 3.52, with a mean of 0.61 
(±0.95 SD). BMI z-score are 0.53 for boys and 0.67 for girls. Only 1.83% of the 
participants were classified as underweight. And about 20% showed a risk of 
abdominal obesity with the WCz values ranging from -1.33 to 2.33, with a mean of 
0.32 (±0.80 SD) and a median of 0.27. 
 
Table 22 Descriptive statistics for Z-scores for weight, body mass index (BMI) 
and waist circumference (WC) by age and sex with Comprehensive references1 
Age of groups 
(year) 
N 
Weight (z-score) BMI (z-score) WC (z-score) 
Mean  ±SD Mean  ±SD Mean  ±SD 
Boys        
10-10.99 11 0.55 1.09 0.85 0.82 0.50 0.71 
11-11.99 28 0.32 0.91 0.63 1.06 0.34 0.80 
12-12.99 25 -0.12 0.90 0.38 1.02 0.21 0.83 
13-13.99 22 -0.24 0.86 0.35 0.86 0.08 0.74 
14-14.99 10 -0.12 0.68 0.52 0.86 0.25 0.67 
15-15.99 5 0.16 0.95 0.76 1.19 0.51 0.94 
16-16.99 8 -0.14 0.97 0.70 1.19 0.38 0.96 
17-17.99 7 0.51 1.01 0.76 1.10 0.51 0.91 
18-18.99 5 -0.05 0.83 -0.06 0.80 -0.12 0.59 
Total  121 0.06* 0.91 0.53* 0.98 0.27 0.78 
 
Girls         
10-10.99 12 0.55 0.87 0.91 0.80 0.63 0.78 
11-11.99 21 0.09 0.92 0.60 0.88 0.24 0.68 
12-12.99 30 0.07 0.85 0.59 0.88 0.30 0.79 
13-13.99 29 -0.03 1.05 0.51 1.03 0.15 0.94 
14-14.99 14 0.19 0.81 0.85 0.88 0.42 0.81 
15-15.99 9 -0.03 0.99 0.41 1.05 0.20 0.94 
16-16.99 15 0.18 0.86 0.89 1.02 0.59 0.76 
17-17.99 13 0.14 0.91 0.57 1.10 0.41 0.75 
18-18.99 9 0.55 0.75 1.02 0.74 0.69 0.72 
Total  152 0.14* 0.90 0.67* 0.93 0.35 0.81 
1
 Frisancho Comprehensive reference (2011) by sex and age z-score; *USA References. 
 
Triceps skinfolds (TS), subscapular skinfolds (SS) and the sum of the two 
skinfolds (∑TSS) were used for subcutaneous body fat, are shown in Appendix 
11. The values from TS and SS ranged from 4.73 to 34.73mm and 4.4 to 
36.33mm, respectively. The means were 15.13 (±6.92 SD) and 17.14 (±6.85 SD) 
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and the medians were 14 and 15.93mm, respectively.  Now, for ∑TSS, values 
ranged from 9.8 to 71.06mm, with a mean of 32.28(±13.28 SD) and a median of 
29.93mm. Significant differences were found in ∑TSS by sex, with the girls, as a 
group, having higher values than the boys (35.89 vs 27.74 z= -4.130 p<0.05, 
Wilcoxon rank sum test). 
The values of z-score for TS (TSz) and z-score for SS (SSz) ranged from -1.96 to 
2.08 and -1.09 to 2.67, respectively.  The means were 0.11 (±0.86 SD) and 0.80 
(±0.73 SD), and the medians were 0.11 and 0.85, respectively. Table 23 shows 
that for boys, the mean was 0.79 (±0.76 SD) and for girls, the mean was 0.81 
(±0.71 SD). Z-score for ∑TSS (∑TSSz) ranged from -2.01 to 2.17, with a mean of 
0.26 (±0.92 SD) and a median of 0.26.  
Table 23 Descriptive statistical of skinfolds by age and sex with Comprehensive 
references 
Age of 
groups (year) 
n 
Triceps 
(z-score)  
Subscapular  
(z-score)   
Sum of 2 skinfolds  
(z-score)  
Mean  ±SD Mean  ±SD Mean  ±SD 
Boys        
10-10.99 11 0.19 0.72 1.07 0.67 0.15 0.86 
11-11.99 28 0.06 0.83 0.82 0.77 0.33 0.96 
12-12.99 25 0.00 0.87 0.71 0.78 -0.08 0.94 
13-13.99 22 -0.06 0.79 0.85 0.73 -0.00 1.13 
14-14.99 10 0.11 0.63 0.91 0.56 -0.40 1.25 
15-15.99 5 0.39 0.93 1.28 0.54 -0.29 1.07 
16-16.99 8 0.09 0.94 0.85 0.83 -0.82 0.86 
17-17.99 7 0.50 0.65 0.73 0.78 -0.39 0.82 
18-18.99 5 0.37 0.59 -0.44 0.55 -0.40 0.73 
Total  121 0.09 0.79 0.79* 0.76 -0.06 1.01 
 
Girls        
10-10.99 12 0.38 0.83 0.95 0.77 0.36 0.87 
11-11.99 21 -0.08 0.92 0.74 0.63 0.71 0.99 
12-12.99 30 0.19 0.86 0.81 0.78 0.53 0.66 
13-13.99 29 -0.05 1.05 0.73 0.75 0.76 0.73 
14-14.99 14 -0.07 0.90 0.84 0.64 0.35 0.65 
15-15.99 9 0.00 0.97 0.79 0.91 0.11 0.76 
16-16.99 15 0.09 0.95 1.09 0.72 0.38 0.63 
17-17.99 13 0.31 0.77 0.64 0.72 0.47 0.51 
18-18.99 9 0.79 0.82 0.74 0.29 0.49 0.88 
Total  152 0.12 0.92 0.81* 0.71 0.52 0.75 
1
 Frisancho Comprehensive reference (2011) by sex and age z-score; *USA References. 
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5.5.2 Body composition indicators 
Descriptive statistics of body composition are described by sex using a specific 
Comprehensive reference categories developed by Frisancho (2011) by z-score, 
in Chapter 4, Table 10. 
Stunted and short stature were classified as being below the 5th and less than 15th 
percentile respectively (or less than -1.650 and -1.040 z-score) on the 
Comprehensive reference (Frisancho, 2011) by age indicator, shown in Table 24, 
and the statistical analysis did not show significant differences in the proportions 
of stunting in the participants by sex (X2= 1.97, p=0.577). Almost half (46.9%) of 
the participants were either short in stature or stunted by age. Twenty-one percent 
of the participants met the criteria for stunting. Appendix 11 shows the frequency 
of height for sex, in the first year of measurement. 
 
Table 24 Frequencies of height categories, by sex by Comprehensive 
reference1, second year of measurement 
z-score 
Sex  
Boys  Girls  Total 
n (%) n (%) n (%) 
Stunted a 27 22.31 31 20.39 58 21.25 
Short b 26 21.49 44 28.95 70 25.64 
Normal C  67 55.37 76 50.00 143 52.38 
Tall d 1 0.83 1 0.66 2 0.73 
Total  121 100 152 100 273 100 
1
= Frisancho, 2008; Cut-points are: a: Z < -1.650; b: between Z -1.645 and -1.040; c: between Z -
1.036 and +1.640; d: Z > +1.645  
 
 
BMI-for-age was classified as risk of being overweight and risk of obesity when 
the participants were above 85th and 95th percentile (or +1.036 and more than 
+1.645 z-score), respectively. On the other hand, participants below the 5th 
percentile (less than -1.650 z-score) were classified as underweight. Table 25 
shows that 32.96% of the total participant showed a risk of OW/OB. However, 
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there are age trends in the participants, because most of the participants at risk of 
obesity are under 12 years old. There were no significant differences in the 
proportions by sex.  
Table 25 Frequencies of body mass index, by sex by Comprehensive reference1 
z-score 
Sex  
Boys  Girls  Total 
n (%) n (%) N (%) 
Underweight a 3 2.48 2 1.30 5 1.83 
Healthy range b 82 67.77 96 63.16 178 65.20 
Risk of overweight c 18 14.88 30 19.74 48 17.58 
Risk of obesity d 18 14.88 24 15.79 42 15.38 
Total  121 100 152 100 273 100 
1
= Frisancho, 2008;  z=0.324 p=>0.05, Wilcoxon rank sum test. Cut-points are: a: Z < -1.040; b: 
between Z -1.036 and +1.030; c: between Z +1.036 and +1.640; d: Z > +1.645 
 
Waist circumference was used to classify whether an individual had central 
obesity or not. This measurement is more relevant in an adult population. For this 
study, the risk of abdominal obesity was determined as when they were above the 
85th percentile (+1.036 z-score) of comprehensive reference for WC-by-age. Near 
one of each five participants (19.8%) were at risk of abdominal obesity or 
excessive obesity there were no significant differences by sex (Table 26). 
 
Table 26 Categories of waist circumference by sex by Comprehensive reference1 
z-score 
Sex  
Boys  Girls  Total 
n (%) n (%) n (%) 
Below range a 1 0.83 5 3.29 6 2.20 
Healthy range b 97 80.17 116 76.32 213 78.02 
Risk of abdominal obesity c 16 13.22 21 13.82 37 13.55 
Excessive d 7 5.79 10 6.58 17 6.23 
Total  121 100 152 100 273 100 
1
= Frisancho, 2008 Cut-points are: a: Z < -1.040; b: between Z -1.036 and +1.030; c: between Z +1.036 
and +1.640; d: Z > +1.645 
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Triceps, subscapular skinfold and the sum of these were performed using the 
Frisancho equation (2011). Table 27 shows the percentage of TS and SS by sex, 
with 15.02% and 40.66% of the sample having excessive adiposity in their arms. 
There were no significant differences between TS and SS by sex. Table 28 shows 
the ∑TSS (sum of triceps and subscapular skinfolds), where 36% of the sample 
had above average or risk of obesity and 10% had low fat mass in their arms.  
There were significant differences in ∑TSS by sex (z= -4.130 p<0.05, Wilcoxon 
rank sum t-test). 
 
Table 27 Categories of triceps (TS) and subscapular skinfolds (SS) for sex by 
Comprehensive reference* 
 TS  SS  
z-score Boys Girls Total Boys Girls Total 
 n (%) n (%) n (%) n (%) n (%) n (%) 
Low a 2(1.65) 3(1.97) 5(1.83) - - - 
Normal b  104(85.85) 123(80.92) 227(83.15) 70(57.85) 92(60.53) 162(59.34) 
Excessive c  15(12.40) 26(17.11) 41(15.02) 51(42.15) 60(39.47) 111(40.66) 
Total  121(100) 152(100) 273(100) 121(100) 152(100) 273(100) 
*Frisancho, 2011 Cut-points are: a: Z < -1.650; b: between Z -1.645 and  +1.030; c:  Z > +1.036 
 
Table 28 Categories of sum of triceps and subscapular skinfold for sex by 
Comprehensive reference* 
z-score 
Sex 
Total 
Boys  Girls  
n (%) n (%) N (%) 
Lean a 3 2.48 - - 3 1.10 
Low fat mass-risk b 20 16.53 4 2.63 24 8.79 
Average c 67 55.37 80 52.63 147 53.85 
Above average d 8 6.61 25 16.45 33 12.09 
Risk of obesity e 23 19.01 43 28.29 66 24.18 
Total  121 100 152 100 273 100 
*
 Frisancho, 2011; Cut-points are: a: Z < -1.650; b: between Z -1.645 and -1.040; c: between Z -
1.036 and +0.670; d: between Z +0.675 and +1.036; e:  Z > +1.036 
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Fat free mass (FFM), total body fat (TBF), body fat percentage (%BF) and lean 
body mass (%LBM) were estimated by biological impedance. Arm fat index 
(%AFI) and arm fat z-score (AFIz) were estimated by triceps skinfolds and arm 
circumference using the formula from the Comprehensive reference by Frisancho 
(2011). The variables are given in Appendix 13, where the FFM values ranged 
from 19.86 to 59.25 kg, with a mean of 34.64 (±8.41 SD). TBFz values ranged 
from 3.97 to 42.69 kg, with a mean of 16.17 (±7.25 SD). %BF values ranged from 
11.94 to 49.13%, with a mean of 30.76 (±7.19 SD). %AFI values ranged from 
13.36 to 59.27%, with a mean of 32.61 (±10.40 SD) and a median of 31.36%. And 
in Table 29 as a z-score, where AFIz values ranged from -1.65 to 3.15, with a 
mean of 0.30 (±1.02 SD) and a median of 0.29. 
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Table 29 Descriptive statistics of body composition variables (mean ± SD) based on Bioelectrical 
Impedance, Z-scores based on the Comprehensive References of Frisancho (2011). 
Age of groups 
(year) 
n 
FFMz1 TBFz1  %BFz1 AFIz1 
Mean ±SD Mean ±SD Mean ±SD Mean ±SD 
Boys          
10-10.99 11* - - - - - - -0.59 0.67 
11-11.99 28* - - - - - - 0.22 1.02 
12-12.99 23(2)* -0.60 0.68 -0.19 0.83 0.99 0.75 -0.17 0.85 
13-13.99 22 -0.57 1.03 0.01 1.24 1.24 0.84 0.33 0.99 
14-14.99 10 -0.72 1.02 0.05 1.18 1.44 0.76 0.36 0.97 
15-15.99 5 -0.49 0.99 0.24 0.92 1.62 0.49 0.72 0.88 
16-16.99 8 -0.67 0.44 -0.32 0.61 1.12 0.54 0.90 0.73 
17-17.99 7 -0.006 0.41 -0.21 1.25 0.85 1.29 1.02 0.41 
18-18.99 5 -0.13 0.38 -0.04 0.63 0.98 0.68 1.24 0.81 
Total  80 (41)* -0.52 0.81 -0.08 1.00 1.15 0.80 0.25 0.98 
 
Girls          
 10-10.99 12* - - - - - - -0.18 1.15 
11-11.99 21* - - - - - - 0.54 1.26 
12-12.99 22(8)* -1.15 0.71 0.18 0.63 1.36 1.01 36.47 9.44 
13-13.99 29 -0.51 0.82 0.47 0.72 1.33 1.00 0.61 1.16 
14-14.99 14 -0.43 0.65 0.06 0.86 0.52 1.20 0.10 0.78 
15-15.99 9 -0.67 0.82 -0.21 0.63 0.16 0.79 -0.09 1.02 
16-16.99 15 -0.27 0.53 -0.02 0.67 0.26 0.90 0.35 0.64 
17-17.99 13 -0.31 0.50 -0.05 0.58 0.24 0.77 0.32 0.89 
18-18.99 9 -0.0005 0.80 -0.05 1.02 0.09 1.33 0.16 1.02 
Total  111(41)* -0.54 0.75 0.13 0.74 0.77 1.12 0.34 1.05 
FFMz: Fat free mass z-score; TBFz: Total body fat z-score; %BF: Body fat z-score; AFIz: Arm fat z-score. 
1
 Frisancho Comprehensive reference (2011) by sex and age z-score. *Participants less than 12.24 years old and was didn’t included in the 
Frisancho Comprehensive references, because this formula not applied  to evaluated children less than these age. 
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Figure 22 shows overall the number of participants in each consumption of folic 
acid in micrograms (CFAµg) categories by height-for-age z-score status by sex. 
Where mean of FA intake for boys was 419.38 µg/day and for girls 345.34 µg/day.  
 
Figure 22 Number of the participants for categories of Folic acid (µg/day) intake, 
classified by height-for-age z-score status by sex. 
Cut-points are: stunted: Z < -1.650; short: between Z -1.645 and -1.040; normal: between Z -1.036 and 
+1.640; tall: Z > +1.645 by Frisancho, 2008; FA was classified in four categories by us based on the results of 
this study. 
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Chapter 6  Inferential results  
6.1 Inferential analysis 
In this section of the chapter some inferential statistical analysis results are 
shown.  Regression analysis aims to estimate the magnitude and significance of 
causal connections for a set of variables. Regression models were used to identify 
and measure the influence of socioeconomic and vitamin consumption factors that 
best explain the growth of adolescents. The independent variables or predictor 
variables were: Consumption of folic acid per day (CFAd), consumption of vitamin 
B12 per day (CVB12d), maternal education (ME), salary a day (SD), maya surname 
(MS), overcrowding (OC), sex and age; the dependent variables or outcome 
variables were: Height (H), height velocity (HtV), knee height index (KHI), weight 
(Wt), triceps skinfolds (TS), subscapular skinfolds (SS), sum triceps and 
subscapular skinfolds (∑TSS), waist circumference (WC), body mass index (BMI), 
and fat free mass (FFM).  
Model building was done using an exploratory approach. After deciding which 
predictor variables should be included in the regression models, each predictor 
variable was regressed against each outcome variable (Table 30). The variables 
that showed a significant predictor (p<0.05) were retained in the model.  
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Table 30 Regression results for the association of sex, age, daily consumption of folic acid, daily consumption of VB12, 
maternal education, salary per day, overcrowding and Maya surname with growth and body composition variables. Results are 
shown as significant values 
Independ variables 
ǂ
 
Ht 
z-score 
a
 
HtV KHI 
Wt 
z-score 
a
 
TS 
z-score 
a
 
SS 
z-score 
a
 
TSS 
z-score
 a
 
WC 
z-score 
a
 
BMI 
z-score 
a
 
FFM 
z-score 
a
 
Sex (reference= boys, n=121)           
Sex (girls, n=152) - p= 0.000 p= 0.008 - - - - - - - 
Age (years) - p= 0.000 p= 0.000 - - - - - - - 
CFAd (reference= 400 µg)           
CFAd (300-399µg, n=43) p= 0.319 p= 0.301 p= 0.104 p= 0.304 p= 0.638 p= 0.425 p= 0.474 p=0.450 p= 0.280 p= 0.272 
CFAd (200-299µg, n=56) p= 0.064 p= 0.426 p= 0.833 p= 0.026 p= 0.333 p= 0.065 p= 0.787 p= 0.051 p= 0.050 p= 0.158 
CFAd ( <199µg, n=71) p= 0.613 p= 0.584 p= 0.210 p= 0.037 p= 0.331 p= 0.170 p= 0.093 p=0.089 p= 0.021 p= 0.845 
CVB12d (reference= 2.4 µg)          
CVB12d  p= 0.671 p= 0.940 p= 0.627 p= 0.117 p= 0.225 p= 0.312 p= 0.883 p= 0.064 p= 0.011 p= 0.560 
ME (reference= basic education)          
ME (Higher Tech. education) p= 0.546 p= 0.274 p= 0.271 p= 0.774 p= 0.639 p= 0.803 p= 0.978 p= 0.982 p= 0.828 p= 0.652 
ME (Any University) p= 0.514 p= 0.000 p= 0.255 p= 0.640 p= 0.766 p= 0.679 p= 0.884 p= 0.765 p= 0.464 p= 0.633 
SD (reference= < 1)           
SD (≤ 2 ) p= 0.586 p= 0.203 p= 0.641 p= 0.020 p= 0.053 p= 0.052 p= 0.856 p= 0.053 p= 0.018 p= 0.074 
SD (between 3 and 4 ) p= 0.448 p= 0.569 p= 0.007 p= 0.047 p= 0.440 p= 0.184 p= 0.446 p= 0.124 p= 0.159 p= 0.091 
SD ( ≥ 5) p= 0.550 p= 0.015 p= 0.000 p= 0.981 p= 0.265 p= 0.495 p= 0.298 p= 0.323 p= 0.747 p= 0.111 
OC (reference= no)           
OC (yes) p= 0.913 p= 0.156 p= 0.002 p= 0.936 p= 0.552 p= 0.989 p= 0.730 p= 0.826  p= 0.971 p= 0.067 
MS (reference= M-M)           
MS (N-M) p= 0.098 p= 0.660 p= 0.371 p= 0.366 p= 0.535 p= 0.850 p= 0.599 p= 0.369 p= 0.580 p= 0.269 
MS (M-N) p= 0.002 p= 0.726 p= 0.127 p= 0.002 p= 0.082 p= 0.742 p= 0.538 p= 0.051 p= 0.022 p= 0.234 
MS (N-N) p= 0.003 p= 0.004 p= 0.003 p= 0.034 p= 0.189 p= 0.340 p= 0.123 p= 0.097 p= 0.258 p= 0.079 
a: Age and sex specific z-score by Frisancho’s Comprehensive reference (2008); Ht: height; HtV: height velocity; KHI: knee height index; Wt: weight; TS: triceps skinfolds; SS: subscapular skinfolds; ∑TSS: sum triceps 
and subscapular skinfolds; WC: waist circumference; MBI: Body mass index: FFM: fat free mass. 
ǂ CFAd: consumption of folic acid per day; CVB12d: consumption of vitamin B12 per day; ME: maternal education; SD: salary a day; OC: overcrowding; MS: Maya surname; M-M: both surname Maya; N-M: just maternal 
maya surname; M-N: just father maya surname; N-N: none Maya surname.  
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After bivariate regression results Table 30, the author decided to build models 
based on those variables that had a relationship with CFAd and CVB12d, which 
are the variables focus in this thesis. Two variables were found to have such a 
relationship, namely weight and BMI.  
In each model, diagnostic tests were applied to assess its validity. Linear 
relationships between each predictor and the outcome variables were verified by 
producing and analysing scatter plots. Also, each residual analysis was examined 
for assumptions of normality through statistical tests and dispersion diagrams. 
The non-collinearity between predictor independent variables and each 
dependent variable was corroborated by the calculation of the variance inflation 
factor values and any cases where assumptions are violated. Significant 
associations between predictor and outcome variables (with 95% CI) were verified 
to ensure that the effect of the predictor on the outcome variables was estimated 
with good precision.  
 
 
6.1.1 Model for Weight z-score 
Table 31 shows the development of a model for weight z-score. All predictor 
variables of weight z-score in the model contributed to explain 7% of its variance. 
In model 1, which just used one variable, CFAd, only 1.3% of the variance of 
Weight z-score was explained.  In model 2 which used two variables, CFAd and 
SD, 3.4% of the variance of weight z-score was explained.  In model 3, using 
three variables, CFAd, SD and MS, 7.4% of the variance of Weight z-score was 
explained. 
In model 1, the significant associations were for participants who consumed less 
than 299 µg and 199 µg per day of FA, who tended to have higher weight in 
comparison with those who consumed more than 400 µg of FA per day. 
In model 2, participants from families earning between 2 and 3 SD had a 
significantly higher weight z-score than those earning less than 1 SD.  
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In model 3, having paternal Maya surname and no Maya surnames had a 
significant predictor effect on the Wt z-score which increased by 0.63 and 0.37 
units, respectively. Table 31 shows the standard beta for each variable. 
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Table 31 Regression modelling for Weight z-score 
 Model 1  Model 2  Model 3  
Independ variables 
ǂ
 B (SE) P B (SE) P B (SE) P CI 95* SC 
CFAd (reference= 400 µg)          
CFAd (300-399µg, n=43) 0.168 (0.164) 0.304 0.266 (0.171) 0.121 0.201 (0.168) 0.207 -0.118 0.544 0.212 
CFAd (200-299µg, n=56) 0.336 (0.150) 0.026 0.371 (0.155) 0.018 0.353 (0.153) 0.022 0.051 0.656 0.353 
CFAd ( <199µg, n=71) 0.292 (0.139) 0.037 0.302 (0.142) 0.034 0.274 (0.139) 0.051 -0.000 0.550 0.274 
SD (reference= < 1)          
SD (≤ 2 )   0.364 (0.165) 0.028 0.283 (0.163) 0.020 0.061 0.704 0.383 
SD (between 3 and 4 )   0.080 (0.151) 0.596 0.033 (0.149) 0.822 -0.261 0.329 0.033 
SD ( ≥ 5)   -0.002 (0.165) 0.990 -0.040 (0.166) 0.808 -0.369 0.288 -0.040 
MS (reference= M-M)          
MS (N-M)     0.233 (0.173) 0.181 -0.109 0.576 0.233 
MS (M-N)     0.630 (0.179) 0.001 0.277 0.983 0.630 
MS (N-N)     0.379 (0.147) 0.011 0.089 0.670 0.379 
Constant -0.060(0.089) 0.500 -0.193 (0.131) 0.144 -0.466 (0.160) 0.004 -0.782 -0.149 - 
R
2
 adjusted 0.013  0.034  0.074     
ǂ CFAd: consumption of folic acid per day; SD: salary a day; MS: Maya surname; M-M: both surname Maya; N-M: just maternal maya surname; M-N: just father maya surname; N-N: none maya 
surname. 
S.E.: standard error; SC: standardized coefficient; n = 253, F (9, 243) = 3.24, p<0.001, R2 = 0.107, adjusted R2 = 0.074; Shapiro-Wilk residual normality test: w = 0.99, p =0.305; Breusch-
Pagan/Cook-Weisberg homoscedasticity test: X2 (1) = 0.38, p = 0.539 
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6.1.2 Model for BMI-for-age 
Regressions analyses were performed with BMI z-score (BMIz) as the dependent 
variable (Table 32). The independent variables examined were: CFAd, CVB12d, 
SD and MS which were included in the model. So the model was built in four 
steps.  
In model 1, which just used one variable, CFAd, only 1.3% of the variance of BMI 
z-score was explained.  In model 2 which used two variables, CFAd and CVB12, 
2.1% of the variance of BMI z-score was explained.  In model 3, using three 
variables, CFAd, CVB12 and SD, 3.9% of the variance of BMI z-score was 
explained. Model 4, using four variables, CFAd, CVB12, SD and MS, 5.2% of the 
variance of BMI z-score was explained. 
Model 1 shows the consumption of FA less than 299 µg and 199 µg per day had a 
significant predictor effect on the BMI z-score which increased by 0.31 and 0.34 
units, respectively. However in Model 2 there are not any significant statistical 
associations between CFAd and CVB12 with BMI z-score. Model 3, the poorest 
group in terms of daily salary tended to be more overweight, but there was no 
effect for the CFAd and CVB12.  
Model 4 the poorest group with less than 2SD had a significant predictor effect 
(p=0.021) on BMIz. Also, paternal Maya surname had a significant predictor effect 
(p=0.014) on BMIz of the participants. Having paternal Maya surname and low SD 
had a significant predictor effect to be more overweight, but there was no effect 
for the CFAd and CVB12. Table 33, shows the standard beta for each variable. 
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Table 32 Regression modelling for BMI z-score 
 Model 1  Model 2  Model 3  Model 4  
Independ variables
ǂ
 B (SE) P B (SE) p B (SE) P B (SE) p CI 95% SC 
CFAd (reference= 400 µg)            
CFAd (300-399µg, n=43) 0.187 (0.172) <0.280 0.171 (0.172) <0.320 0.277 (0.179) <0.123 0.240 (0.179) <0.181 -0.112 0.593 0.240 
CFAd (200-299µg, n=56) 0.311 (0.158) <0.050 0.235 (0.163) <0.150 0.226 (0.169) <0.183 0.214(0.169) <0.196 -0.113 0.552 0.219 
CFAd ( <199µg, n=71) 0.341 (0.146) <0.021 0.250 (0.155) <0.107 0.257 (0.158) <0.106 0.239 (0.158) <0.132 -0.072 0.550 0.239 
CVB12d (reference= <2.4 µg)           
CVB12d    -0.233 (0.134) 0.080 -0.244 (0.137) <0.076 -0.246 (0.138) <0.075 -0.518 0.025 -0.246 
SD (reference= < 1)            
SD (≤ 2 )     0.387 (0.173) <0.026 0.405 (0.173) <0.021 0.062 0.747 0.405 
SD (between 3 and 4 )     0.188 (0.158) <0.236 0.161 (0.159) <0.311 -0.152 0.475 0.161 
SD ( ≥ 5)     0.044 (0.173) <0.799 0.024 (0.177) <0.893 -0.326 0.374 0.024 
MS (reference= M-M)            
MS (N-M)       0.231 (0.185) <0.215 -0.134 0.597 0.231 
MS (M-N)       0.473 (0.190) <0.014 0.098 0.849 0.473 
MS (N-N)       0.273 (0.157) <0.083 -0.036 0.584 0.273 
Constant 0.428 (0.093) 0.000 0.541 (0.113) <0.000 0.382 (0.156) <0.015 0.164 (0.182) <0.368 -0.195 0.524 - 
R
2
 adjusted 0.013  0.021  0.039  0.052     
ǂ CFAd: consumption of folic acid per day; CVB12d: consumption of vitamin B12 per day; SD: salary a day; MS: Maya surname; M-M: both surname Maya; N-M: just maternal maya surname; M-N: just father maya surname; N-N: 
none maya surname. 
S.E.: standard error; SC: standardized coefficient; n = 253, F (10, 242) = 2.40, p<0.009, R2 = 0.090, adjusted R2 = 0.052; Shapiro-Wilk residual normality test: w = 0.09, p =0.151; Breusch-Pagan/Cook-Weisberg 
homoscedasticity test: X2 (1) = 2.00, p = 0.157 
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Table33 Standardised beta coefficients for all regression models 
 Weight z-score (Wtz) BMI z-score (BMIz) 
 Model 1  Model 2 Model 3 Model 1 Model 2  Model 3 Model 4  
 Explained variance 
Variables 
ǂ
 1.3% 3.4% 7.4% 1.3% 2.1% 3.9% 5.2% 
CFAd (reference= 400 µg)       
CFAd (300-399µg, n=43) 0.067 0.106 0.084 0.071 0.065 0.105 0.091 
CFAd (200-299µg, n=56) 0.149 0.164 0.156 0.131 0.099 0.095 0.092 
CFAd ( <199µg, n=71) 0.141 0.147 0.133 0.156 0.114 0.119 0.110 
CVB12d (reference= <2.4 µg)       
CVB12d     -0.112 -0.119 -0.120 
SD (reference= < 1)        
SD (≤ 2 )  0.168 0.176   0.170 0.177 
SD (between 3 and 4 )  0.041 0.017   0.091 0.078 
SD ( ≥ 5)  -0.000 -0.018   0.019 0.010 
MS (reference= M-M)       
MS (N-M)   0.100    0.094 
MS (M-N)   0.261    0.187 
MS (N-N)   0.207    0.142 
ǂ CFAd: consumption of folic acid per day; CVB12d: consumption of vitamin B12 per day; SD: salary a day; MS: Maya surname; M-M: both surname Maya; 
N-M: just maternal maya surname; M-N: just father maya surname; N-N: none Maya surname. Wtz: Model 1. See table 32; Model 2: see table 32; Model 
3: see table 32; BMIz: Model 1: see table 33; Model 2: see table 33; Model 3: see table 33; Model 4: see table 33  
 
6.1.3 Other analysis for low FA and VB12 consumption  
Another objective of the inferential analysis was to determine the Odds Ratio (OR) 
a measure of the risk for overweight and obesity OW/OB by BMI z-score. The 
author used BMI z-score by Frisancho, 2011, because BMI z-score there are 
changes between ages 10-18 and there takes into account age and sex. BMI z-
score less than Z<+1.030 there are no risk OW/OB; BMIz-score greater than 
Z>+1.036 presenting a risk for OW/OB (Frisancho, 2011), by comparing groups 
with similar living conditions to exposure to risk factors such as FA and VB12 
deficiency.  
The dependent variables included in the OR explained the relationship between 
BMI and body fat percentage (%BF). The OR quantified the risk of being OW/OB; 
and having a higher %BF. The independent variables were FA and VB12 
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adequacy per day. Diagnostic tests were applied to each cross tab with the 
assumed statistical test and risk estimate. 
It was found that participants who had inadequate FA consumption (less than 
400µg per day), had a 2.26 higher risk of OW/OB than adolescents with FA 
adequate (Table 34). This relationship is statistically significant (p<0.05 and CI of 
95%).  Values of OR shown excludes null values were: the 95% confidence 
interval for an effect will exclude the null value (such as an odds ratio of 1.0 or a 
risk difference of 0) if and only if the test of significance yields a P value of less 
than 0.05. In terms of the relative risk (RR), it was found that 76% of the 
adolescents with FA inadequate intake had a higher risk of OW/OB, in 
comparison with adolescents with FA adequate intake.  
 
Table 34 Odds ratio for BMI z-score and the relationship with FA consumption for 
adolescents aged 10 - 18 years 
 OW/OB No OW/OB Total 
FA inadequate 67 103 170 
FA adequate 23 80 103 
Total  90 183 273 
Odds: 2.263; CI 95%; 1.247 – 3.947; Chi
2
: 8.47 p<0.05, RR: 1.76. Cut offs. BMI cut-points are: OW/OB:  Z 
>+1.036; No OW/OB: Z< +1.030; FA inadequate: <400 µg/day; FA adequate: >400 µg/day 
 
 
 Regarding the risk of OW/OB regarding the VB12 consumption, it was found that 
adolescents who had inadequate VB12 consumption (less than 2.3µg per day), 
had a 2.06 higher risk to present OW/OB than adolescents who had VB12 
adequate (Table 35). This relationship is statistically significant (p<0.05 and CI of 
95%). The values of OR shown excludes null values. In terms of the relative risk 
(RR), it was found that 66% of the adolescents with VB12 inadequate intake had a 
higher risk of OW/OB, in comparison with adolescents with VB12 adequate intake.  
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Table 35 Odds ratio for BMI z-score OW/OB and the relation of VB12 consumption 
from adolescents’ to10 and 18 years old. 
 OW/OB No OW/OB Total 
VB12 inadequate 71 118 189 
VB12 adequate 19 65 84 
Total  90 183 273 
Odds: 2.058; IC 95%; 1.141 – 3.713; Chi
2
: 5.88 p<0.05, RR: 1.66. BMI cut-points are: OW/OB:  Z >+1.036; 
No OW/OB: Z< +1.030; VB12 inadequate: <2.4 µg/day; VB12 adequate: >2.4 µg/day 
 
The OR of %BF with FA and VB12 intake per day were calculated and no 
association was found between higher %BF and these vitamins. Where the risk 
estimation contained the number 1, as it did in these cases, the OR does not 
indicate any association. 
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Chapter 7  Discussion 
 
In this chapter, the overall findings from each aim and hypothesis of the thesis are 
discussed.  The implications of the findings are also highlighted. Table 37, located 
at the end of this chapter, summarizes the principal findings, which will be 
discussed here. 
The purpose of this study was to identify the relationship between FA and VB12 
intake with growth and body composition in adolescents from Merida. It is known 
southern Mexico has the highest prevalence of FA and vitamin B12 deficiencies of 
all of Mexico, which as a nation has a high prevalence of low micronutrient intake 
(Ramakrishnan, 2002).  One of the problems associated with the deficiency of 
these vitamins is depression in adolescents (Bamber et al., 2007). In Merida, only 
one study has looked at the association between folate and depression in 
adolescents (Nicoli-Marín, 2005). The results of that study showed that the 
adolescents classified with depressive symptom consumed per day less than 
308µg in comparison with the adolescents without depressive symptom. Another 
problem associated with deficiency of FA and VB12 in adolescents is an elevated 
risk of developing overweight and obesity (Pinhas-Hamiel et al., 2006; Shamah-
Levy et al., 2012; Ho et al., 2014). 
The Mexican National Health and Nutrition Survey (2006), reported that a 
significant problem existed regarding vitamin deficiencies (such as FA and VB12) 
in adolescents of both sexes, and that these were higher in rural areas than in 
urban areas (Rodríguez-Ramírez et al., 2009). Micronutrient deficiency conditions 
worldwide have been increasing: it has been reported that almost 2 billion people 
have a deficiency of one or more micronutrients (Caulfield et al., 2002; Tulchinsky, 
2010). These are silent epidemics affecting people of all ages. 
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7.1 Aim 1. To assess the intake of folic acid and vitamin B12 in association 
with growth status in subjects aged 10-18 years. 
The results of this study rejected the first hypothesis which stated that a low FA 
intake is associated with height status in children and youth aged 10-18 years, 
because no a statistically significant association was found between FA intake 
and height. The second hypothesis, which held that low VB12 intake is associated 
with height status in the same participants, is also rejected because no such 
relationship was observed.  
The findings in this study with respect to FA and VB12 in Mexico have implications 
both for the participants and also for the wider world of research on micronutrient 
deficiencies. In Mexico, 69.7% of adolescent males and 82.8% of adolescent 
females are classified as having low FA consumption, and this has become a 
health problem according to ENSANUT (2006). Southern Mexico, where Merida 
city is located, has the highest prevalence of population at risk of dietary 
inadequacy in adolescents of both genders (Rodríguez-Ramírez et al., 2009) of all 
regions of Mexico. The findings in this study were slightly lower than those in the 
2009 study, which reported low FA intake for 52.07% of adolescent boys and 
70.39% of adolescent girls.  
It is important to note that most studies focus on female consumption of FA, given 
the severe implications of low FA consumption for women of reproductive age. 
However, it is relevant for both sexes, because the consequences in adulthood 
are the same in terms of the risks and can lead to illness such as cancer of the 
colon, lung cancer and depression. Low FA consumption associated with 
depression is especially  common in adolescents (Nicoli-Marín, 2005; Ulrich, 
2007; Ramírez Sierra et al., 2008; Tulchinsky, 2010)   
On the other hand, studies of VB12 mostly focus on samples or populations of 
people less than 5 years of age (Rasmussen et al., 2001; Cuevas-Nasu et al., 
2012) or the elderly (Ramírez et al., 2006). There are no studies which allow 
comparison with this level of adequacy in adolescents in Mexico.  
In terms of growth status, the results of the present study showed no significant 
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differences in stunting by sex. Growth in adolescents reflects the quality of the 
environment in which they live; for example, it is a sensitive indicator of levels of 
poverty experienced by families (Arroyo et al., 1999). In Mexico, the prevalence of 
stunting in females, aged between 12 and 19 years, decreased from 19.5 to 
12.3% between 1996 and 2006, according to ENSANUT (2006). The cut-off used 
for stunting was the same at both time points, -2 z-score units according 
NCHS/OMS/CDC. The study did not measure stunting in boys in 1996 and so the 
comparative data cannot be reported (Olaiz-Fernandez et al., 2006). However, a 
comparison can be made using 2006 data, at both at the national and Yucatan 
levels: stunting prevalence for girls and boys, aged 12 to 19 years, was 12.3% 
and 9.4% (national level) and 33.3% and 17.6% (Yucatan region) (Shaman-Levy 
et al., 2007), respectively. In the present study, 20.4% of girls and 22.3% of boys 
were stunted. This difference is because the sample used in this study is only 
urban (not representative of all of Yucatan), while the results by ENSANUT are 
representative of all of Yucatan.  
The persistence of high levels of stunting in Yucatan, and especially Merida, may 
be due to the diet changes the Yucatecan population has experienced in recent 
years. These changes include greater consumption of foods that are rich in 
energy but poor in nutrients (Pardio-Lopez et al., 1998), which especially affect 
adolescents in their stage of rapid growth. The growth deficits are also affected by 
the poor living conditions and the environment, such as quality of housing 
(building materials), household goods (stove, refrigerator, and radio) and type of 
water supply. All of these tend to be of poor quality for the low income segments 
of the Merida population.  
 
7.2 Aim 2. To assess height velocity of subjects according to consumption 
of folic acid and vitamin B12. 
The results of this study enable the hypotheses 3 and 4 to be rejected in the 
absence of any evidence of reduced height velocity due to low FA and VB12 intake 
in subjects aged 10 -18 years. 
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The findings in this study showed a significant positive correlation between the 1st 
and 2nd measurements of growth. The significant correlation is expected since 
growth from year to year shows a generally strong auto-correlation. The 
correlation might have been higher except that in this age range some children 
are at the beginning of their adolescent growth spurt, some could be in the middle 
of it or, for others, the spurt has ended. 
With regards to stunting, there were no significant differences by sex at the 1st and 
2nd measurements. However, in terms of total numbers, more boys were stunted 
at the time of the first measurement and more girls were stunted at the time of the 
second measurement. Overall, slightly more participants were classified as 
stunted at the second measurement.  
Although these results are not statistically significant, this does not mean that the 
micronutrients do not have a relationship with the stage of a rapid spurt of 
physical growth of adolescents. This stage is considered an especially nutritionally 
vulnerable period of life. During this stage, the micronutrients are required for the 
promotion of physical growth, sexual maturation and neurological development 
(Spear, 2002; Singh, 2004). Adolescents are considered nutritionally vulnerable 
for three important reasons: 1) the greater demand for nutrients by the rapid 
increase of physical growth and development; 2) changes in the lifestyle and food 
habits that affect both the consumption of nutrients as those in need at this stage; 
and 3) adolescents with special requirements such as sports participants, having 
an illness (such as anaemia) or the use of alcohol and drugs (Spear, 2002; Singh, 
2004; Casanueva and Morales, 2009). 
The demand for folic acid in the human body is different during different periods of 
life. Krishnaswamy and Nair (2001) reported that this vitamin is important during 
periods of growth (such as childhood and puberty), lactation and pregnancy. 
However, studies of nutritional requirements in adolescents are more limited than 
studies on adults (Chang et al., 2003). One of the problems posed is related to the 
recommended intake of nutrients in this period. Most studies recommend nutrient 
intake according to chronological age and not the biological age of a person 
(Chang et al., 2003). Sawyer (2011) commented that the increments of nutritional 
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requirements are more highly associated with physiological changes than 
chronological age, because in a group of both female and male adolescents 
individuals would be found with different growth rates, as other researchers have 
confirmed (Spear, 2002; Sawyer et al., 2011). 
 
7.2.1 Height velocity (cm/y) 
During the period of adolescence young people experience a rapid acceleration in 
the rate of growth in virtually all skeletal tissue (Bogin, 2006). However, the 
chronological age at which the growth spurt takes place can vary by years 
between individuals, between early, average and late maturers. It is also 
important to bear in mind that the onset and termination of the growth spurt tends 
to occur about two years earlier in girls than in boys (Marshall and Tanner, 1968; 
Bogin, 2006; Hauspie and Roelants, 2012). 
Hermanussen et al., (2012), reported that growth and development rates are 
influenced by different factors, such as health, nutrition and SES, and there are 
other factors, such as different tempos in rate of maturation. Early maturers are 
likely to grow less in total stature than average or late maturer.  Maturational 
tempo is most easily measured in girls by their age at menarche. The maximum 
speed of growth in height, called peak height velocity (PHV), in girls occurs about 
one year before menarche. The hormones which earlier in adolescence stimulate 
growth up until PHV then inhibit growth and stimulate menarche. After menarche 
there may be an additional growth in height of 2 to 7 cm (Marcos et al., 2011; 
Hermanussen et al., 2012). Another important  influence on final height is that 
well-nourished girls have higher pre-menarche growth velocities (Diaz-Bolio, 
1964) which means they are likely to be taller at the time of menarche, and as 
adults, regardless of their maturational tempo.   
The mean age at menarche for the present study was found to be 12.9 years; this 
was similar to the median age reported in Mexico during the last decade 
(Hermanussen et al., 2014). Maximum growth in height occurs about one year 
before menarche. 
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The 10 to 12 years old girls in this study were taller than boys in the same age 
group. In a study of growth statures in Maya American children, also 10 to 12 
years old, (Bogin et al., 2002), the results were the same: the girls were taller than 
the boys.  This is expected for girls, because 10-12 years is the typical age for the 
adolescent growth spurt in girls. In the present study, the height velocity (cm/yrs) 
was greatest for girls at age 10 and 11 years (with an average of 5.51cm/y), while 
for boys it was greatest between 12 to 14 years (with an average of 6.03cm/y). 
These results are similar to those reported by Bogin (2012). 
Because of these accelerated rates of growth at adolescence, and also because 
of the developmental and maturational changes taking place at this time, the 
consumption of vitamins and other nutrients is essential (Spear, 2002; Pinhas-
Hamiel et al., 2006). Many studies have shown that micronutrients have a positive 
influence on growth (Bhandari et al., 2001; Rameshwar Sarma et al., 2006). One 
study in India showed the effect of micronutrient supplementation on growth in 
schoolchildren. This study was a double-blind, placebo and controlled, 
randomized study in a semi-urban population aged 6 to 16 years. Nutrient intake, 
which included folic acid, was essentially similar in both groups. Results showed 
that the mean height velocity  was significantly greater at 12 to 13 ages in the 
supplemented group than in the placebo group (Rameshwar Sarma et al., 2006). 
To date, no studies have been conducted to investigate whether there is a 
relationship between the rate of growth and the deficiency of folic acid and VB12 in 
adolescents. Some studies included other micronutrients such as iron, vitamin C 
and interactions.  
As growth rate accelerates, micronutrient deficiencies, and  combined with 
changes in eating patterns, for example  a greater consumption of fat, saturated 
fat and sugar, could affect health in adolescents (Gidding et al., 2006). During this 
time, adolescents, could be vulnerable to anaemia due to the higher nutrient 
demands during the rapid growth spurt. In the present study anaemia testing was 
not carried out at the time of the survey. However, the population based surveys 
of ENSANUT (2006, 2012) report high levels of anaemia in the Yucatan region.  
According to Vázquez-Vázquez et al. (2013), maternal education (in the context of 
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Maya people from Merida City) had a positive influence on height of children in a 
sample aged 9 to 17 years. There were significant associations in growth scores 
between mothers and children with Maya surname (Azcorra et al., 2013a). 
 
7.2.2 Knee height 
The results of this study enable hypothesis 5, which said that low FA will be 
associated with lower KH, and hypothesis 6, which said that low VB12 will be 
associated with lower KH to be rejected, because no such relationships were 
observed.   
The ratio of knee height to total stature in this study is stable by 10 years of age. 
This is expected, as tibia length increases most rapidly from birth to about age 8 
or 9 years  (Bogin and Varela-Silva, 2010; Vázquez, 2013). However, just 
measurements of knee height are not sufficient to determine total body 
proportions. Unfortunately, no measurements were taken of sitting height and leg 
length. The present finding is consistent with those of past studies by Vázquez-
Vázquez et al., (2013), which show clear intergroup  differences for KH by sex 
from 9 to 17 years, with no differences between boys and girls, regardless of 
ancestry. In the present study, the mean knee height of boys was 48.00cm and 
girls was 46.89cm. The mean KH of boys was 31.94 and girls was 31.35. 
Previous studies have found that the lower limbs can be used as a practical 
indicator in studying the effect of variations in growth and environmental quality 
(Bogin et al., 2002; Gigante et al., 2009). However, in this study we cannot make 
such a comparison, because one of the limitations of this study is that we have no 
measure of sitting height and the total length of leg, which would be required to 
adequately assess the relationship of body proportions to environmental quality. 
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7.3 Aim 3. Assess the intake of FA and VB12 in association with body 
composition (fat and lean tissue) in subjects aged 10-18 years 
The results of this study reject the seventh hypothesis which stated that a low FA 
intake is associated with a higher percentage of body fat (skinfolds, BMI and FFM) 
in adolescents aged 10-18 years, since there is no association between FA intake 
and body fat. The results do support the eighth hypothesis, which held that low FA 
intake is associated with a higher risk of OW/OB as assessed by BMI. Also, no 
relationship was found between the percentage of body fat (TS, SS, TSS, and 
FFM) and VB12 consumption. Consequently, the ninth hypothesis, which stated 
that low VB12 intake is associated with a higher percentage of body fat, is rejected. 
However, the tenth hypothesis, which said that low VB12 intake is associated with 
a higher risk of OW/OB as assessed by BMI, is accepted. These results seem 
paradoxical, as OW/OB is usually associated with a higher percentage of body fat. 
The limitations of using the BMI to assess OW/OB in lower-income and short-
stature populations may be a reason for this paradox.  These limitations are 
discussed in further detail below.  
Adolescence is a period of change in human life, with important changes in body 
composition. Total body mass increases and its distribution is closely and 
primarily  related to pubertal development (Siervogel et al., 2003; Rodríguez et al., 
2004). Body composition at this developmental stage is one determinant of 
nutritional needs. Sometimes, the typical adolescent behaviour patterns occur 
with energy balance and nutritional status disturbances, themselves being 
affected indirectly (Rodríguez et al., 2004).It is thought that micronutrient 
deficiencies may have an indirect effect on growth and development in children 
and adolescents in this stage (Caulfield et al., 2002; Rivera et al., 2003; Bogin, 
2006). However, there are no specific studies with the consumption of folic acid 
and vitamin B12 in relationship with body composition.  
While body composition can refer to many different features and is assessed 
using different methods, in this study skinfolds, BMI, and bioimpedance were 
used. 
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7.3.1 Skinfolds 
The findings in this study with respect to the percentage of TS (adiposity in arms) 
were higher in girls than boys. However, for SS (fat in trunk), the opposite was 
found: this was higher in boys than girls. These findings support what Lejarraga, 
(2012) said, that the process of fat centralization in adolescents take place much 
more predominantly in males. The male participants showed a centralization of fat 
deposits – more in subscapular skinfold than triceps skinfold.  This is typical of 
Asian-Native American people, but it is also typical of lower SES people, who tend 
to store available energy on the trunk of the body (Bogin and MacVean, 1981a). 
Different  populational and socio-economic distributions of body fat exist,  which 
result in distributions of subcutaneous fat which are not uniform between groups 
of people and individuals within each group (Bogin and MacVean, 1981b). Other 
studies show that in Mexican-Americans, subcutaneous fat tends to be distributed 
centrally. Central fat accumulation may also be due to the type of food eaten for 
energy, especially in rural areas (Zavaleta and Malina, 1982; Martorell et al., 
1987). The central distribution of body fat in the Mexican population means that 
skinfolds measured in the lower extremities are less representative of the entire 
portion of subcutaneous fat in the body (Zavaleta and Malina, 1982). 
In one study in Turkey with boys and girls aged 7 to 17 years, results showed a 
slight similarity with a study by Yuca (Yuca et al., 2011). Yuca et al (2011) 
reported that TS and SS generally increased with age in girls. In boys, after slight 
decreases at the age of fourteen, SS increased in an age-dependent manner, as 
was the case for girls. These results are similar in the present study, because TS 
in girls increased with age, whilst for boys there were slight decreases in TS at the 
ages of 14 and 16. SS increased in both sexes in an age-dependent manner. 
Yuca and collaborators suggested that nutrition during adolescence is an 
important point to discuss in more detail, because the subcutaneous adipose 
tissue is reduced more in children with chronic malnutrition. According to this 
study population and to the experience of the kind of diet that the Yucatecan 
people currently presented, it is expected that adolescents would have more fat 
on the trunk than on the extremities, and it can be said that this is a feature of the 
Yucatecan Maya people. 
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Others findings in this study, for skinfolds, include the ∑TSS (were Z-1.036 to 
z<+0.670 is the average), where 24% of the participants are classified as at risk of 
obesity. There were significant differences by sex, where 28% of girls were 
classified with most risk of obesity compared with the 19% of boys. One reason 
for this difference is the fact that the girls are going through a hormonal 
development stage, which makes them accumulate more body fat. For this 
reason, girls may be more sensitive than boys to an obesogenic diet (foods high 
in fat or fast-food), and to the influence of the environment in which they are living. 
In other studies with participants aged 5 to 17 years, the ∑TSS was consistently 
higher in girls than in boys used a CDC references (Freedman et al., 1999). 
Similarly, in this study, girls had higher TSS than boys. Freedman et al (1999) 
reported that, during adolescence, TSS either remained stable or increased 
slightly among in girls, whereas it decreased in boys by around 20%.  
The majority of the studies reviewed mention that the risk of presenting central 
obesity is associated with risk of cardiovascular disease or insulin sensitivity. 
These studies are carried out mostly for adults or elderly people. These types of 
studies should take into account the results that show the percentage of fat in 
adolescents in this study, and the potential risk that they present in the adulthood. 
 
7.3.2 Body mass index 
In this study, BMIz was used (Frisancho references, 2011) to categorise the risk 
of OW/OB. Considerable caution must be exercised in the use of BMI as a proxy 
for OW/OB. A study by Bogin et al (2012) explained that the use of BMI is not 
suitable for the Maya people of the Yucatan Peninsula, because its use leads to 
the overestimation of total and central adiposity. Bogin et al., (2012) suggest that 
BMI is an inappropriate tool to estimate fatness or health risk in groups such as 
the Maya because they suffer from the nutritional double-burden of short stature 
with high body fatness.  
In this study, 32.9% of the total participants showed a risk of OW/OB. This 
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prevalence is low compared to that found by the Yucatan State by the National 
Health and Survey of 2012 (43.4%). The highest prevalence was in girls 
compared with boys, and this was similar in the present study. However, the 
prevalence in this study is very similar to the prevalence for Mexico (35%) 
(Gutiérrez et al., 2012). One in five adolescents are OW and one in ten presents 
OB. 
Malina et al., (2013), reported the prevalence of OW/OB in indigenous people 
from Oaxaca, Mexico, aged 10 to 14 years, from 1970 to 2007. He and his 
collaborators compared the BMI results (using the cut-off points suggested by 
IOTF for this age group: 25kg/m2 for OW and 30kg/m2 for OB) with National 
Mexican Surveys. Their results showed the prevalence of OW/OB in 2007, among 
youths aged 10-14 years was less prevalent compared to Oaxaca adolescents 
aged 12-17 years in 2006 Mexican surveys (Malina et al., 2013). 
The prevalence of OW/OB in Yucatan according to ENSANUT 2012 was 43.4%. 
This result was a little higher than reported in ENSANUT 2006, with 42.1% in 
Yucatan. For adolescents living in urban areas in Yucatan, the percentage of 
OW/OB was 43.5% in 2006 and 42% in 2012, a decrease over 6 years (Instituto 
Nacional de Salud Publica, 2007; Instituto Nacional de Salud Pública, 2013). The 
result is almost 10% higher than the result from the present study (33%). This is 
because the Mexican national survey used a BMI according to the WHO 
references where the cut point for BMI is >+1SD OW and >+2SD for OB. This 
apparent overestimation is one reason, according to Bogin et al (2012), why BMI 
misrepresents the OW/OB for the Maya people of Merida, Mexico or indigenous 
populations like those studied by Malina in Oaxaca, Mexico, who suffer from both 
short stature and overweight. The use of BMI is more reliable in the heavily 
industrialized nations of Western Europe and North America.  
In this study, it was found that FA consumption less than 299µg and less than 199 
µg per day were significantly associated with greater BMI compared with 
participants with FA consumption of more than 400 µg per day (unadjusted 
analysis). These results support the finding that an adequate FA consumption by 
adolescents is associated with a more desirable BMI. These results were derived 
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from Model 1 for BMI z-score, which only considered FA intake. When other 
independent variables were added to Models 2, 3 and 4 it was found that there 
was no longer an effect for FA intake on BMI. Rather participants of families 
earning less than 2SD and with only a paternal Maya surname had significantly 
higher BMI z-score than other participants (Models 3 and 4). 
 
In one study in Israel, involving children and adolescents aged 6 to 19 years, the 
increased risk of OW/OB due to VB12 deficiency was investigated (Pinhas-Hamiel 
et al., 2006). VB12 was measured by concentration in serum. The results showed 
that a 4.3-fold risk of OB was associated with low VB12 and that each unit increase 
in body mass index standard deviation score resulted in an increased risk for 
lower VB12 by 1.24 SD. The study confirmed that OB in children and adolescents 
was associated with a low VB12 concentration.  
Changes in food systems and diet are critical parts of the cultural and social 
transformation. Previous studies like Dickinson et al. (1993) describe the changes 
in the diets of Maya people in and around Merida as indicative of a "double-edged 
sword of malnutrition", where child malnutrition has been replaced by obesity in 
adulthood, that is, the Coca-colonization effect described above. The influx of 
industrial, processed foods results in micronutrient deficiencies, new types of 
malnutrition and obesity in adults. The change to high energy dense foods in the 
Yucatan diet results in a higher prevalence of OW, diabetes and dyslipidemia 
(Arroyo et al., 2010). Bogin et al. (2014) reviewed the effects of a globalized diet 
in Merida. Their review finds that with the influx of more processed foods from 
North America and Europe many of the old health problems remain, as evidenced 
by short stature, and overweight and obesity increase.  
 
7.3.3 Fat free mass 
There are different methods and techniques for predicting body composition: for 
example, anthropometric methods and bioimpedance. The anthropometric 
method is most commonly used to assess body composition, being quick, safe 
and low-cost. ‘Anthropometric’ refers to the measurement of the size and 
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proportion of the human body.  This kind of measurement has limitations because 
of the intra-evaluator variability that can present. However, when the 
measurements are carried out by trained personnel, these limitations are 
substantially reduced (Urrejola et al., 2001; Heyward and Wagner, 2004; 
Aristizábal et al., 2007a). Bioelectrical impedance analysis (BIA) is also low cost, 
quick and non-invasive. BIA works with current conduction across tissues which 
are high in lean tissue (where there is a higher proportion of aqueous fluid and 
electrolytes), and low in fat tissue (Foster and Lukaski, 1996; Kotler et al., 1996; 
Heyward and Wagner, 2004; Aristizábal et al., 2007). There are factors that affect 
the accuracy and precision of this method, including instrumentation, technician 
skill and the predictor equation formulated to estimate the FFM in samples. 
(Conlisk et al., 1992; Heyward and Wagner, 2004; Piccoli et al., 2005). In the 
present study both methods were used to determine the body composition in 
adolescents: this will be discussed in following section.  
The findings in this study regarding FFM are that boys average slightly higher 
than girls. When converted to FFMz the results showed that, among the total 
participants, only 7 (3.66%) were emaciated (Appendix 14), whilst 56 (46.28%) of 
boys and 50 (32.9%) of the girls were classified as having above average or 
excessive total body fat (Appendix 13).  
The correlation of TBF and FFM is high in puberty to adulthood but not in 
childhood (Siervogel et al., 2003). Studies suggest that methods to assess body 
composition, such as FFM and TBF, should not be used in growing children, as 
there is no accuracy during these growth stages. These methods are better used 
in adolescence and adulthood (De Lorenzo et al., 1998; Ellis, 2000). The 
changing nature of the correlations shows the importance of understanding the 
development of body composition. As the participants of the present study are 
peri-pubertal to adolescent, it is not surprising that the correlation between FFM 
and TBF averages at moderate strong value of r=0.627 (p<0.0001).  
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7.3.4 Odds ratio and FA and VB12 
In this study the relationship between BMI (BMI cut-points are: OW/OB:  Z 
>+1.036; No OW/OB: Z< +1.030 Frisancho, 2011) and FA and VB12 adequacy 
consumption per day was also investigated Using the Odds Ratio (OR). In public 
health research the OR is often preferred as a method to quantify the risk of being 
OW/OB because OR is unaffected by interference from other variables  (Zhang 
and Yu, 1998). In contrast, the regression analysis models used above may be 
affected by the influence of other variables not measured in the model. The OR 
method provides an alternative estimate of the relationship between the risk of 
being OW/OB and FA and VB12 consumption.  
The participants who had a FA inadequacy intake (less than 400µg per day) had a 
higher risk (OR = 2.26) of OW/OB than participants with adequate FA intake. In 
total, 76% of total of the participants fall into this higher risk FA group for OW/OB. 
Participants who had inadequate VB12 consumption (less than 2.3µg per day), 
had a higher risk (OR = 2.06) of presenting OW/OB than participants who had an 
adequate VB12 intake. In total, 66% of the participants in this study fall into the 
higher risk VB12 group of presenting OW/OB. In a study by Pinhas-Hamiel et al., 
(2006) it was shown that 10% of OB adolescents had lower VB12 concentrations. 
Low serum VB12 concentrations in adolescents aged 12 to 19 years was linked to 
a 4.33 odds ratio for higher risk of presenting OB.  
In other studies, (Damms-Machado et al., 2012; Shamah-Levy et al., 2012; Ho et 
al., 2014) the high prevalence of low micronutrient levels found among persons 
who are overweight or obese is due to insufficient micronutrient intake. In this 
study, Odds Ratio (OR) also showed quite a strong effect of inadequate FA and 
VB12 intake. 
 
7.3.5 Risk of weight excess 
A key finding to emerge from this study is the percentage of participants that 
presented a risk of having excess weight. Table 36 shows the percentage of 
participants at risk of excess weight, excess body fat and central obesity risk by 
sex, for different anthropometric measurements. It was decided to present 
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different anthropometric measurements because during the adolescent stage (10-
18 years old) people are increasing in height, weight and other body dimensions 
and changing in body proportions. These changes are relatively large and rapid, 
for example, around 25 percent of an individual's attained height is achieved 
during adolescence as a result of the adolescent growth spurt (Hauspie and 
Roelants, 2012).  
 
 
BMIz in this study indicated that 32.96% of the total participants have this risk 
(30% of boys and 35% of girls). These results are less than reported by 
ENSANUT 2012 for all of the Yucatan (45.2%). The use of BMI is recommended 
but not in isolation; other measurements of body composition must also be taken 
into account for reasons stated above. SSz results showed that 42.14% of boys 
and 39.47% of girls have a risk of presenting excess body fat in the trunk of the 
body (40.66% of total participants). Sum of TS and SSz in girls was 44.74% with 
respect to having an excess of body fat and central obesity, and this risk was 
higher in girls than in boys. This could be due to the accumulation of hormonally-
driven development of normal fat in girls (Casanueva and Morales, 2009). For 
total participants, this risk of TSS (excess fat and central obesity) was 36.21%. 
Table 36 Percentages of participants at risk of weight excess(a), excess 
of body fat(b), or central obesity(c) by sex 
Variables  
Boys  Girls  Total 
N % n % N % 
BMIz* a 36 30.00 54 35.00 90 32.96 
WCz* a,b,c 23 19.12 31 19.10 54 19.90 
TSz b 15 12.40 26 17.11 41 15.02 
SSz b 51 42.15 60 39.47 111 40.66 
∑TSSz b, c 31 25.62 43 44.74 66 36.21 
TBFz b 56 46.28 50 32.90 106 38.83 
AFIz b 33 27.28 43 28.29 76 27.84 
       
BMI: Body mass index; WC: waist circumference; TS: triceps skinfold; SS: subscapular skinfold; ∑TSS: sum 
triceps and subscapular skinfold; TB: total body fat was calculated by bioelectrical impedance; AFI: Arm fat 
index, was calculated by bioelectrical impedance and all variables was classified by Comprehensive 
reference by Frisancho 2011; *Correlation with CFAd= BMIz: r=0.152 p<0.05; WCz: r=0.0121 p<0.05. 
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In contrast, for TBF, boys presented a 46.28% risk of excess body fat, higher than 
the 32.9% for girls. One study by Eisenkölbl et al., (2001), reported that TBF in 
boys is higher than in girls. The same results were found in this study. The 
differences between the results for boys and girls could be caused by false 
assumptions made in predicting body fat using the BIA equation. This could be 
investigated further in future research. In this study, 38.83% of the total 
participants presented this risk. 
For over two decades, Yucatan has presented a public health problem: the 
prevalence of overweight and obesity has been gradually increasing (Arroyo et al., 
1999). The morphology of the Yucatan population is characterized by short 
stature and obesity with higher central adiposity (Bogin et al., 1992; Arroyo et al., 
2007). This morphology is observed more in rural areas and women (Arroyo et al., 
1999). Studies in Merida reported that the current globalized diet carries a 
permanent health problem in that more high energy foods are being consumed 
(Arroyo et al., 2010; Bogin et al., 2014). The diet can also have nutritional 
deficiencies in one or more essential nutrients such as vitamins, minerals or other 
micronutrients which affect skeletal growth (Bogin et al., 2014).  
 
7.4 Aim 4. To assess the impact of socioeconomic status and ethnicity of 
the participants’ families on the intake of folic acid and vitamin B12 and 
their growth and body composition. 
Some Maya people live in poor conditions with a poor diet, and this contributes to 
the low intake of some micronutrients (such as AF and VB12). This directly affects 
the growth of children and adolescents. Some mestizos have the similarly poor 
living conditions, with a low income and thus low consumption of these vitamins 
as well. These results regarding Maya ethnicity must be understood in the 
socioeconomic and political background of exploitation, discrimination and 
subordination that the Yucatec Maya experienced since the contact with the 
Spaniard conquerors, in the 16th Century (Quezada, 2001). When the Spanish 
began the conquest of the Yucatec Maya, it took almost 175 years to take control 
of the whole of the Yucatec peninsula. The Maya were put into a situation 
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characterized by poverty and high levels of economic and social marginalization. 
These social mechanisms, which have lasted for five centuries, have affected the 
Yucatec Maya in terms of formal education, religion and the work environment. 
This explains why having a Maya name is symbol of marginalization and poverty. 
(Quezada, 2001; Bracamonte and Lizama, 2003).  
Azcorra et al., (2015) studied the intergenerational effects on growth in a sample 
of Maya grandmothers, mothers and children.  The authors found a significant 
association in stature between mother and child. Especially important is that this 
study also found that a maternal Maya surname was related with a short stature. 
As explained above, many generations of suffering in the Maya community are 
associated with intergenerational influences on short stature (Varela-Silva et al., 
2012; Azcorra et al., 2015).  
Family income has been documented in other studies as a significant predictor of 
growth in Maya children (Azcorra et al., 2009; Vázquez, 2013). The higher the 
family income, the greater the height. Also, in this study the same association was 
found between height and family income. 
More recently, the population of Yucatan, including the Maya, had experienced 
epidemiological and nutritional transitions (Ortiz-Hernández, 2006) in an 
socioeconomic environment characterized by an uneven distribution of wealth, 
education, access to health service and overall quality of basic services between 
rich and poor people (Rivera et al., 2002; Ortiz-Hernández, 2006). The influence 
of consumption of globalized food1 in Mexico leads to several problems of public 
health. However, the globalisation of food production is evident in all regions of 
the world, due to the widespread use of certain technologies and the presence of 
multinational food companies. Leatherman and Goodman (2005) have called this 
process in the Yucatan Peninsula, the Coca-colonization of the diet. By this they 
mean the integration of industrially produced carbonated, sugar-sweetened soft 
drinks and processed foods into the Maya diet. These new products result in a 
                                            
1
 Food globalization was defined as a food products integration of multinational corporations to the process of 
dietary change. This integration influences the biology, social organization and ideology of people (Bogin et 
al., 2014). 
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diet that is energy dense but nutrient poor (Bogin et al., 2014). Such changes in 
diet result in essential nutrient deficiencies, such as low intake of FA and VB12 that 
affected negatively the growth status of participants.  
 
7.5 Limitations of the study 
Some of the limitations of this research are related to using a database from a 
research project designed with objectives different to those of this thesis and 
because of this the author’s thesis was only able to analyse variables available 
within the database. For example, there are no measurements of sitting height 
and leg length. These measurements would allow for a more precise estimation of 
the growth of body segments and the development of body proportions (Bogin 
and Varela-Silva, 2010).  
The sample size is relatively small and it is not representative of Merida.  
This study is a cross-sectional survey. This type of study is conducted to 
investigate associations between risk factors and the outcome of interest. Cross-
sectional studies are limited in that they are carried out at a point in time, and it is 
not known whether the exposure to the variable of interest occurred before, during 
or after the outcome, which in this case the intake of vitamins is.  This being so, it 
is impossible to infer causality (Mann, 2003). Also, the associations identified may 
be difficult to interpret; they are susceptible to bias due to low response and 
misclassification due to recall bias such as from the FFQ. Anthropometric status 
from one-off cross-sectional studies cannot be used to draw firm conclusions 
about the health status of individual children. Only a series of measurements over 
time can provide sufficient information to allow reliable judgments to be made at 
the individual level. 
This study is really only of association, between the consumption of FA and VB12, 
because it did not investigate the relationships with other nutrients that might 
influence the impact of the results, such as being taller or short of stature. Lack of 
FA or VB12 are not the only reasons for stunting. 
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Another limitation is the use of Food frequency questionnaires (FFQs) to evaluate 
the consumption of FA and VB12. One of the implications of this method is that 
there is always a bias of information by the participants and not is very exact, 
because it depends on the long-term memory of the participant. And these FFQs 
were measured only one time a year. The intake information obtained from this 
method was limited to a certain period of time (30 days), and it is easy for the 
participants to overestimate or underestimate food consumption (Ávila and Tejero, 
2008; Barquera et al., 2009). During the interviews a manual of food, including 
local foods, was used, but this was not precise enough to obtain exactly the 
amount of food intake by each participant. In studies with adolescents where 
FFQs were applied, higher intakes were reported in comparison with a 24hr recall 
(Truthmann et al., 2011). This is because children and adolescents especially 
have problems in estimating portion sizes and remembering their diet over a long 
time period. Some reasons for this are, among others, unstructured eating 
patterns and more frequent meals outside the home (Watson et al., 2009; 
Truthmann et al., 2011). However, these studies did not mention the use of tools 
like a “Manual of food” that were used in the present thesis to help the participants 
decide exactly the size of the portion he/she ate. In this manual all the foods of the 
FFQ were included, and because of this tool it can be considered that the results 
reported in this study for the FFQ have less bias than other studies. Although care 
was taken in the FFQ interview to minimize the errors of measurement, it is still 
possible that some bias of portion sizes occurred during an interview. This type of 
source of bias in surveys involving dietary FFQs could have affected the results 
presented in this study, over- or underestimating the amount intake of food in that 
period. 
Another limitation of the study is that there was no collection of blood sample to 
evaluate FA and VB12. It is known that blood analysis is an expensive method, but 
it is more accurate and precise and can be compared with the results of the FA 
and VB12 obtained from the FFQ. Verkleij-Hagoort and co-authors (2007) 
conducted a study to investigate the correlation between folate and B-vitamin 
intake estimated by FFQ and concentrations of serum folate and red blood cell 
folate. The results showed a higher correlation between the FFQ-derived folate 
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and VB12 intake with red blood cell folate than with serum folate. Since the FFQ 
covered the nutrient intake over a reasonably long period (4 weeks) (Verkleij-
Hagoort et al., 2007), it can be concluded that a FFQ adapted for FA and VB12 
intake is a valid method to estimate these nutrients in dietary intake, as well as 
estimating energy and macronutrients. And these results are comparable with the 
validity of results in others studies with FA and VB12 intake. 
 
7.6 Conclusions 
The purpose of the current study was to determine the consumption of folic acid 
and vitamin B12 in relationship with growth and body composition in teenagers 
from Merida, Mexico. Some of key findings, which are listed Table 39, are novel 
and will be useful to add to literature regarding the consumption of these vitamins 
and their relationship with growth and body composition in teenagers in Merida, 
Yucatan Mexico.  
Table 37 Summary of key findings. 
 In the current study, 52% of boys and 70% of girls had inadequate 
consumption of FA. The RDI is 400µg/day. 
 Thirty percent of girls were classified as having a severe deficiency of 
folic acid (less than 199 µg) compared to 20.66% of boys. 
 An inadequate consumption of VB12 was found in 68.60% of boys and 
69.74% of girls. The RDI is 2.4µg/day. 
 The average consumption of FA was 318 µg/day and for VB12 it was 1.59 
µg/day. 
 Twenty one percent of the participants met the criteria for stunting 
(22.31% for boys and 20.39% for girls).  
 Additionally the participants with just a paternal or no Maya surnames 
were taller than those with a maternal Maya or both Maya surnames. 
To be continued 
Chapter 8. Discussion and conclusions 
131 
 
Table 37 Summary of key findings (continued) 
 According to this study, the height velocity (cm/yrs) was greatest for girls 
at age 10 and 11 years (average of 5.51cm/y), while for boys it was 
greatest at 12, 13 and 14 years (with an average of 6.03cm/y). 
 The median age at menarche in this study was 12.93 years.  
 According to this study, no relationship is shown between KH and the 
consumption of folic acid and VB12. 
 Results showed that the percentage of triceps skinfolds (excessive 
adiposity in the arms) was 12.40% for boys and 17.11% for girls. 
 Subscapular skinfolds measurements showed that 42.15% of boys and 
39.47% of girls presented excess fat in the trunk. 
 Results concerning central obesity or excess of fat (sum of triceps and 
subscapular skinfolds), showed that 36% of the total participants were 
classified as having above average central fat or were at risk of central 
obesity  with significant differences by sex (25.62% of boys and 44.74% 
of girls). 
 The consumption of FA and VB12 per day, showed no significant 
association with levels of fat (∑TSSz). 
 Thirty-two percent of the participants showed excessive BMI for their age 
(17.58% classified as overweight and 15.38% as obese). 
 In unadjusted regression analysis, the consumption of FAd <299 µg and 
<199 µg per day had a significant predictor effect on the BMI z-score, but 
this was not significant in the adjusted model. 
 There were no significant statistical associations between CVB12 and BMI 
z-score. 
 According to the statistical models used in this study, having paternal 
Maya surname and low SD had a significant predictor effect to be more 
overweight, but there was no effect for the CFAd and CVB12. 
To be continued 
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Table 37 Summary of key findings (continued) 
 Only 7 participants were found to be emaciated, whilst 46.28% of boys 
and 32.9% of girls were classified as having above average or excessive 
total body fat. 
 Participants with a FA consumption of less than 400µg/day had a higher 
risk (OR = 2.26) of presenting OW/OB than participants with adequate FA 
intake. 
 Seventy-six percent of participants with inadequate consumption of FA 
had a higher risk of presenting OW/OB. 
 Participants with inadequate consumption of VB12 (less than 2.4µg/day): 
had a higher risk (OR = 2.06) of presenting OW/OB than participants who 
had an adequate VB12 intake. 
 Sixty-six percent of participants with inadequate consumption of VB12 had 
a higher risk of presenting OW/OB. 
 The risk of excess fat and central obesity was 36.21% for all participants. 
In contrast, for TBF, boys presented a 46.28% risk of excess body fat, 
higher than the 32.9% for girls. 
 No relationship was found between body fat percentage and the 
consumption of FA and VB12. 
 
 
7.7 Concluding remarks 
This study identified the relationship between folic acid and vitamin B12 intake and 
body composition in the sample, and provided evidence that can be used to 
educate people on the dangers of overweight/obesity in adolescents from Merida, 
Yucatan. The results regarding the consumption of micronutrients (FA and VB12) 
by the Yucatecan population (Maya), Merida, Mexico confirm the findings 
provided by previous studies on micronutrients deficiencies in Latin America and 
Mexico. These micronutrient deficiencies in children are reflected during growth 
and development into adulthood. This study is one of the first that evaluates the 
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consumption of FA and VB12 in adolescents. Most previous studies that evaluated 
FA and VB12 were carried out on pregnant women, to investigate intra-uterine 
growth, or some kinds of cancer in adults. This study clearly shows the deficiency 
of FA and VB12 in adolescents, and that these deficiencies affect growth and 
development. Also, these deficiencies could affect their health in adulthood. In 
Mexico, macronutrients deficiency has been denominated “hidden hunger” with 
anaemia being a current public health problem. One of the more significant 
findings to emerge from this study is that the consumption of FAd less than 299µg 
and 199µg per day had significant effect on the BMI z-score which increases 0.31 
and 0.34 units per kg/m2, respectively, but this was not statistically significant in 
adjusted regression analysis. 
Mexico is one of the countries that has been undergoing a nutrition transition, 
characterized by high prevalence of under-nutrition, and changes in food patterns 
and dietary intake (Rivera et al., 2004). These changes are leading to high calorie 
intake and the OW/OB epidemic in Mexico (Arroyo et al., 2004). The problem of 
OW/OB in children and adolescents remains constant and a public health problem 
nationwide. The participants of this study showed a risk of OW/OB which was 
similar to results in the national surveys. Also, the participants of this study 
showed a risk of presenting central obesity, and the implication of central fat 
obesity is that it has serious health risks associated with it. The second major 
finding was that OR showed a strong effect between inadequate consumption of 
FA and VB12 and a risk of OW/OB. This study highlights the following needs: to 
conduct research on the health implications of long-term micronutrient 
consumption such as calcium, iron or vitamin A and the possible implications on 
OW/OB in adolescents; and to make interventions in health education and 
nutrition in adolescents to raise awareness of any risks that may arise. 
 
7.8 Future research 
During the process of completing this research a number of further research 
questions were raised, but were not explored due to the nature of the data 
restrictions. Therefore, the following comments relate to potential future research 
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projects. 
 At this time, the author is unaware of any studies of FA and VB12 that have 
used a blood sample to measure these micronutrients. This technique 
would be especially important to improve the accuracy of results. 
  This is one of the first studies on folic acid and VB12 consumption by 
adolescents relating to body composition. The findings suggest that there is 
a need to further develop similar studies which involve the interaction of 
other micronutrients. This would allow the design of interventions to 
improve nutritional health and create awareness in adolescents. 
 The current study was designed to determine the consumption of FA and 
VB12 and to identify the relationship between adequacy of consumption and 
growth and the risk of OW/OB. However it would also be important to 
assess the lifestyle or physical activity of adolescents. These factors may 
have positive or negative effects at this stage of growth. 
 It would be beneficial to carry out longitudinal studies on the physical 
growth of children from Yucatan (Maya or not Maya). This would enable the 
study of the long term effects of nutritional intake and their determinants, 
such as micronutrient deficiency or malnutrition that this population is 
presenting. Longitudinal studies would also allow the design of 
interventions to improve nutritional health. 
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Appendix 1   
Adolescents’ requirements micro and macronutrients used in ENSANUT 2006 
   
 Males Females 
Energy  3000 kcal 2200 kcal 
Protein  59 g/day  46 g/day 
Vitamin A 600 µg/day 600 µg/day 
Vitamin C 40 mg/day 40 mg/day 
Folate 400 µg/day 400 µg/day 
Iron 12 mg/day 15 mg/day 
Zinc 15 µg/day 12 µg/day 
Calcium 1300 mg/day 1300 mg/day 
mg: miligrams; µg: micrograms 
Sources: Institute of Medicine, 2005 
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Appendix 2  
Appendix B Intake, energy and nutrient adequacy by sex and residence area in 
Mexico adolescents. Mexico, ENSANUT 2006 
 
 Residence area 
 
Males§ 
Intake 
National‡ 
 
Median (25, 75) 
Urban 
 
Median (25, 75) 
Rural 
 
Median (25, 75) 
Energy (kcal)* 1 903 (1484, 2540) 1 943 (1484, 2605) 1 776 (1268, 2462) 
Fiber (g)* 20.6 (14.8, 29.2) 20.09 (14.3, 27.7) 22.8 (16.7, 31.8) 
Protein (g)* 55.3 (40.9, 75.8) 57.0 (42.6, 76.9) 50.1 (35.9, 68.2) 
Total fat (g)* 57.5 (38.5, 82.1) 62.6 (42.0, 85.6) 45.2 (30.3, 65.5) 
Carbohydrates (g) 292.7 (215.7, 392.1) 292.8 (218.9, 390.9) 291.6 (207.3, 392.1) 
Vitamin A (µg ER)* 430.4 (249.5, 710.9) 458.1 (268.8, 748.7) 351.1 (187.4, 605.7) 
Vitamin C (mg)* 70.6 (35.3, 127.4) 73 (37.1, 128.7) 62.8 (31.4, 120.7) 
Folates (µg)* 
Total iron (mg) 
232.1 (163.1, 319.6) 
12.4 (8.8, 16.5) 
240.9 ( 172.9, 326.7) 
12.5 (8.9, 16.4) 
208.2 (148.2, 299.9) 
12.1 (8.3, 16.8) Heme iron (mg)* 0 29 (0.13, 0.54) 0 33 (0.17, 0.60) 0 8 (0.07, 0.35) 
Zinc (mg)* 7.8 (5.7, 10.8) 8.0 (5.9, 10.9) 7.1 (4.9, 9.9) 
Calcium (mg) 887.2 (612.8, 1284) 891.4 (624.4, 1297.7) 867.9 (597.5, 1231.5) 
Adequacy percentage (%) 
Energy 
 
75.0 (55.6, 100.6) 
 
75.7 (56.6, 100.4) 
 
73.0 (51.8, 101.5) 
Protein* 142.5 (99.8, 201.7) 147.4 (99.9, 203.7) 130.5 (94.6, 193.0) 
Total fat* 67.5 (45.5, 94.9) 71.4 (49.5, 99.4) 55.7 (37.5, 84.0) 
Carbohydrates* 91.5 (67.1, 125.4) 90.1 (66.9, 121.7) 94.7 (68.6, 134.0) 
Vitamin A * 75.4 (42.5, 131.0) 79.3 (45.8, 135.9) 62.9 (33.7 113.2) 
Vitamin C 124.4 (63.5, 245.3) 125.5 (64.5, 247.9) 117.5 (57.4, 235.7) 
Folates * 77.2 (54.5,107.0) 78.6 (55.9, 107.9) 72.5 (47.8, 101.2) 
Total iron 177.7 (124.3, 240.3) 178.7 (125.5, 237.7) 175.3 (119.3, 253.0) 
Zinc * 95.3 (70.0, 132.9) 97.6 (71.8, 134.6) 87.7 (63.5, 125.9) 
Calcium 70.2 (47.9, 100.8) 70.7 (48.7, 102.3) 67.7 (46.3, 96.1) 
Females  
Intake 
 
Energy (kcal)*                                                                   1 571 (1 171, 2090)                       1 613 (1 212.7, 2 143)              1 470 (1 086, 1 
954) 
Fiber (g)* 16.9 (12.1, 23.1) 16 (11.6, 22.3) 18.7 (13.9, 25.9) 
Protein (g)* 45.6 (33.2, 62.1) 47.0 (34.6, 63.7) 41.8 (30.5, 56.6) 
Total fat (g)* 48.3 (31.6, 67.3) 51.5 (34.8, 70.2) 39.5 (25.4, 56.5) 
Carbohydrates (g) 239.0 (180.5, 320.3) 237.1 (181.6, 320.8) 242.5 (175.5, 317.8) 
Vitamin A (µg ER)* 410.3 (224.9, 653.9) 441.3 (247.6, 691.9) 325.9 (176.1, 545.6) 
Vitamin C (mg)* 68.7 (33.4, 119.5) 70.6 (34.7, 123.7) 60.2 (29.9, 111.4) 
Folates (µg)* 190.6 (133.3, 260.8) 197.5 (137.8, 266.6) 176.3 (122.2, 245.5) 
Total iron (mg) 9.9 (7.2, 13.8) 9.9 (7.2, 13.8) 9.9 (7.2, 13.6) 
Heme iron (mg)* 0.24 (0.11, 0.44) 0.28 (0.14, 0.47) 0.15 (0.06, 0.32) 
Zinc (mg)* 6.4 (4.7, 8.6) 6.6 (4.8, 8.7) 5.9 (4.3, 7.8) 
Calcium (mg)* 739.6 (511.9, 1067.9) 749.1 (519.7, 1090.3) 718.5 (480, 988.9) 
Adequacy percentage (%) 
Energy* 79.2 (58.5, 106.0) 80.1 (59.6, 107.6) 77.6 (56.8, 101.0) 
Protein* 129.9 (92.3, 181.4) 132.8 (95.8, 186.3) 121.9 (85.9, 172.1) 
Total fat* 72.8 (48.2, 138.1) 77.9 (52.8, 107.5) 61.1 (39.5, 87.3) 
Carbohydrates 97.1 (72.5, 130.8) 95.5 (72.5, 129.7) 99.6 (72.5, 133.6) 
Vitamin A* 87.5 (48.7, 139.1) 93.0 (53.1, 148.3) 70.2 (40.1, 118.8) 
Vitamin C* 131.7 (65.5, 238.7) 136.7 (68.1, 243.5) 119.4 (58.0, 225.9) 
Folates* 62.3 (43.0, 87.4) 63.3 (44.3, 88.9) 57.7 (40.2, 83.4) 
Total iron 136.1 (97.5, 193. 6) 135.3 (95.9, 193.0) 136.9 (99.1, 195.2) 
Zinc* 89.5 (65.6, 121.5) 92.2 (67.1, 124.2) 81.8 (59.0, 109.9) 
Calcium* 58.4 (40.1, 84.3) 59.1 (41.3, 86.1) 55.8 (37.3, 77.7) 
 
* Statistically significant differences (p < 0.05) between rural and urban area 
‡ Sample size: 8 442, expansion factor: 18 276 531 
§ Sample size: 4 130, expansion factor: 9 125 173 
# Sample size: 4 312, expansion factor: 9 151 358 
 
 
 Appendix 
158 
 
Appendix 3 
Intake, energy and nutrient adequacy by sex and geographic region in Mexico 
adolescents. Mexico, ENSANUT 2006 
 
Males 
Intake 
 
Energy (kcal)§ 
Geographic region 
North∞ 
Median (25, 75%) 
Centerø 
Median (25, 75%) 
Mexico City◊ 
Median (25, 75%) 
South€ 
Median (25, 75%) 
2 002 (1 487, 2 698) 1 917 (1 458, 2 567) 1 914 (1 484, 2 398) 1 816 (1 339, 2459) 
Fiber (g)*,§,# 19.7 (13.2, 27.4) 22.2 (16.3, 30.5) 17.6 (13.1, 24.7) 21.2 (15.5, 30.3) 
Protein (g)§ 59.6 (43.3, 81.3) 56.6 (40.4, 74.8) 54.9 (44.1, 75.1) 51.7 (38.1, 72.0) 
Total fat (g)*,§,&, ≠ 68.3 (47.92, 93.18) 57.3 (38.1, 82.1) 64.1 (43.1, 81.6) 49.4 (32.0, 73.5) 
Carbohydrates (g) 290.5 (211.4, 394.3) 295.8 (219.2, 391.8) 284.7 (205.4, 369.6) 295.0 (215.8, 400.1) 
Vitamin A (µg ER)‡,#, ≠ 384.4 (226.7, 643.3) 419.3 (232.7, 700.3) 601.6 (335.8, 856.6) 422.9 (237.9, 684.9) 
Vitamin C (mg) 65.4 (31.9, 114.0) 73.9 (34.5, 137.8) 72.2 (40.8, 145.2) 69.8 (34.6, 120.6) 
Folates (µg)*,§,& 266.2 (187.2, 369.8) 240.9 (170.4, 325.9) 221.6 (159.7, 289.1) 212.2 (151.7, 296.7) 
Total iron (mg)‡ 13.0 (9.5, 17.38) 12.1 (9.0, 16.9) 12.3 (8.5, 14.8) 12.2 (8.5, 16.4) 
Heme iron (mg)*,§,&, ≠ 0.43 (0.22, 0.75) 0.28 (0.13, 0.56) 0.34 (0.16, 0.58) 0.29 (0.10, 0.43) 
Zinc (mg)§,& 8.5 (6.1, 11.4) 8.1 (5.7, 10.9) 7.6 (5.9, 10.5) 7.7 (5.7, 10.8) 
Calcium (mg)* 809.4 (575.6, 1216.8) 905.5 (638.8, 1274.5) 947.4 (665.5, 1297.7) 887.1 (612.8, 1284.0) 
Adequacy percentage (%) 
Energy 
 
75.8 (58.1, 101.6) 
 
75.7 (56.8, 102.6) 
 
73.2 (55.1, 95.3) 
 
73.6 (54.0, 99.2) 
Protein§ 155.6 (103.7, 203.2) 147.2 (100.1, 206.6) 136.0( 99.8, 207.1) 134.1 (96.2, 194.6) 
Total fat*,§,&, ≠ 76.9 (54.7, 108.5) 66.9 (44.3, 96.1) 69.4 (50.0, 101.3) 59.4 (39.2, 87.5) 
Carbohydrates§ 88.3 (66.1, 120.5) 92.8 (67.4, 128.3) 85.1 (66.8, 116.1) 95.2 (69.3, 128.4) 
Vitamin A‡,#, ≠ 66.0 (39.7, 115.7) 73.6 (42.7, 130.6) 105.5 (53.3, 157.3) 73.5 (39.6, 121.7) 
Vitamin C 116.6 (55.7, 203.8) 126.1 (60.7, 252.5) 136.7 (64.9, 283.8) 124.8 (65.4, 227.3) 
Folates§,& 88.0 (60.0, 121.6) 78.7 (58.3, 107.4) 70.3 (52.6, 100.4) 71.3 (48.8, 102.0) 
Total iron 184.5 (134.9, 254.4) 179.5 (127.0, 248.2) 170.7 (117.6, 225.8) 175.4 (121.4, 236.8) 
Zinc§,& 105.0 (74.2, 141.7) 97.0 (70.2, 134.3) 95.4 (71.4, 130.9) 91.7 (65.9, 125.9) 
Calcium 63.6 (44.2, 96.6) 71.0 (49.6, 102.0) 73.6 (52.0, 100.8) 69.8 (46.8, 101.4) 
Females 
Intake 
 
Energy (kcal)§                                                                           1 645 (1 183, 2 236)             1 549 (1 198, 2 074)            1 648 (1 213, 2 263)            1 495 (1 111, 1 
991) 
Fiber (g)*,#, ≠ 15.9 (11.7, 22.2) 17.9 (13.0, 24.1) 15.1 (9.9, 21.5) 17.3 (12.1, 24.0) 
Protein (g)§ 48.3 (33.8, 66.8) 45.1 (32.9, 59.8) 47.3 (35.9, 64.6) 43.4 (31.4, 59.5) 
Total fat (g)*,§,&, ≠ 55.7 (38.6, 80.0) 47.0 (32.7, 64.0) 55.9 (35.3, 75.6) 41.9 (26.5, 60.0) 
Carbohydrates (g) 237.6 (169.8, 323.7) 238.4 (187.0, 320.8) 237.0 (178.9, 318.3) 241.1 (180.3, 317.6) 
Vitamin A (µg ER)‡,#, ≠ 383.2 (219.7, 576.7) 397.6 (223.6, 650.7) 497.1 (295.2, 736.7) 395.1 (206.3, 654.2) 
Vitamin C (mg)*,& 59.8 (30.4, 104.7) 72.6 (38.0, 132.7) 72.9 (34.5, 128.8) 61.2 (30.5, 116.3) 
Folates (µg)*,‡,§,& 214.5 (151.1, 293.0) 194.9 (144.1, 266.5) 189.8 (127.4, 257.1) 175.7 (116.6, 247.5) 
Total iron (mg)*,‡,§ 10.8 (8.0, 15.4) 10.0 (7.4,13.5) 9.2 (6.6, 13.3) 9.8 (6.9, 13.3) 
Heme iron (mg)*,§, ≠ 0.33 (0.17, 0.55) 0.23 (0.10, 0.44) 0.28 (0.18, 0.42) 0.20 (0.09, 0.38) 
Zinc (mg)§,& 6.8 (4.8, 9.6) 6.4 (4.7, 8.5) 6.5 (4.7, 8.5) 6.0 (4.4, 8.3) 
Calcium (mg)*,‡,&, ≠ 686.9 (486.0, 968.4) 774.3 (546.6, 1072.7) 811.6 (568.2, 1163.7) 708.4 (474.0, 1044.3) 
 
Adequacy percentage (%) 
Energy 
 
80.7 (60.0, 109.8) 
 
78.7 (58.5, 104.1) 
 
82.6 (59.6, 106.9) 
 
77.9 (57.5, 105.5) 
Protein§ 133.4 (96.6, 191.3) 128.3 (92.6, 176.3) 136.8 (95.6, 186.2) 126.3(87.7, 176.1) 
Total fat*,§,&, ≠ 82.4 (57.1, 117.1) 71.5 (49.3, 95.5) 83.2 (53.6, 110.2) 65.5 (41.5, 92.8) 
Carbohydrates 94.3 (68.8, 127.3) 96.7 (73.5, 128.5) 95.0 (74.0, 132.0) 100.0 (73.8, 135.3) 
Vitamin A‡,$, ≠ 82.1 (45.8, 121.6) 85.2 (46.6, 135.4) 104.4 (64.9, 152.4) 86.8 (46.5, 139.1) 
Vitamin C*,& 119.7 (61.9, 209.0) 152.3 (74.9, 265.1) 139.3 (68.1, 244.5) 123.1 (59.9, 230.9) 
Folates‡,§,& 69.1 (47.9, 98.8) 63.0 (47.9, 90.2) 60.1 (38.6, 80.9) 58.4 (38.3, 82.0) 
Total iron‡,§ 153.8 (104.4, 206.5) 138.0 (101.5, 190.2) 120.6 (88.5, 184.3) 133.2 (93.6, 192.0) 
Zinc§,& 95.1 (67.1, 137.0) 90.7 (67.5, 118.8) 89.9 (66.7, 122.8) 83.8 (61.2, 116.2) 
Calcium*,‡,&, ≠ 54.4 (38.3, 75.7) 61.5 (43.4, 83.5) 64.7 (45.4, 95.6) 55.8 (36.8, 81.0) 
* Statistically significant differences (p < 0.012) between northern and central region 
‡ Statistically significant differences (p < 0.012) between northern region and Mexico City 
§ Statistically significant differences (p < 0.012) between northern and southern region 
# Statistically significant differences (p < 0.012) between central region and Mexico City 
& Statistically significant differences (p < 0.012) between central and southern region 
≠ Statistically significant differences (p < 0.012) between Mexico City and southern region 
∞ Sample size: 1 415, expansion factor: 3 396 442 
ø Sample size: 3 270, expansion factor: 5 962 969 
◊ Sample size: 335, expansion factor: 2 883 903 
€ Sample size: 3 422, expansion factor: 6 033 217  
 Appendix 
159 
 
Appendix 4 
Consent Form (translated from Spanish) 
Human Ecology of migration in Yucatan, this research will be done by:  
Dr. Federico Dickinson Bannack (Cinvestav – Mérida) 
Dra. María Teresa Castillo Burguete (Cinvestav – Mérida) 
Dr. Stephen J. Rothenberg Lorenz (Cinvestav – Mérida) 
M. en E. María Luisa Ávila Escalante (Faculty of Medicine of University 
Autonomous of Yucatan) 
Dear Ms: 
As you know, the physical growth of children and young people is one of the most 
important health indicators. The objective of this research is to study the potential impacts 
of economic, social, cultural, and environmental factors on growth in children and young 
people from 9 to 17 years of both sexes in the city of Merida, Yucatan. 
Your son or daughter has been selected to participate in the study, in which we will get 
information about: 
- State of growth, by measuring: height, weight, knee height, skinfolds and 
subcutaneous circumferences. None of these measurements is painful or 
uncomfortable.  
- Body composition, using the technique of bioelectrical impedance analysis: we will 
ask his son or daughter to lying down on a cot and we will put some electrodes 
that convey a slight electrical current to measure the percentage of fat, muscle 
and bone. This test is not painful or dangerous. 
- If your son or daughter has between 13 and 152 years of age we will look at their 
eating habits; on three separate occasions we will ask him or her information 
about the foods consumed the previous day and, on one occasion, we will apply a 
tool called frequency of food questionnaire. For the young people of these ages 
their participation in the study will involve a meeting of anthropometry and three 
interviews on food consumption, with a total duration of approximately 60 minutes, 
on two occasions with an interval of one natural year3. 
- In the case of girls, they will be asked if they already have had her first menstrual 
period and, if so, we will collect information on characteristics of the menstrual 
cycles, such as duration, discomfort associated, etc. 
- The socio-economic conditions of their family; we will ask you to respond on two 
occasions, with an interval of one year, a questionnaire to gather information on 
the size and composition of your family; the level of education and occupation and 
income of its working members, and the size and condition of the housing. 
- We will measure your weight, height and knee height, your age at the born of your 
son or daughter who participates in this study, and the care that you provided he 
or she as a baby. As in the case of the measurements that we will do to your 
son or daughter, none of these measurements is painful or uncomfortable. 
                                            
2
 This section applies to a separate study of eating habits. Data from that study are not utilized in the present thesis.  
3
 For the present study, only the data from the FFQ carried out during the second year of research were utilised.  
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Your son or daughter will be measured twice, with an interval of one year, to measure the 
speed at which her or his your body grows in stature, and in other body dimensions, so 
that your participation in this project will take approximately 30 minutes on two occasions, 
except for young people between 13 and 15 years of age. 
Your participation in this study would allow us to get enough information to know the state 
of growth of your son or daughter and aspects of the growth of yourself. The results of 
this research will enable us to provide you useful information and guidance to improve 
your health and that of your family; this information would be useful for your making better 
decisions related to the health and nutrition of both you and your family. 
In addition, your participation will help us to produce research results that would benefit 
other people in your community and other places of Yucatan. 
The information we would obtained will be used for statistical purposes and will be 
handled in a strictly confidential manner; in any report, publication or presentation of the 
results of this research will not be used name or other personal characteristics of the 
participants that can identify them personally. Each participant will receive an 
identification number that is not linked to your name. For your security, the information 
you provide us will be handed following the Mexican laws in this regard, as well as the 
usual rules of the research groups. 
In the event that in the course of the research we got to know anything related to this 
research that would affect yours health or security or that of your daughter you will be 
informed immediately 
In case you have questions, doubts or any concerns related to your participation in this 
study, you can contact the responsible of the research: 
Dr. Frederick H. Dickinson Bannack (dickinso@mda.cinvestav.mx) Department of Human 
Ecology, Merida Unit of Cinvestav (Tel: 9 42-94 -06). 
Your participation and that of your daughter or son in this research is voluntary. Even 
after you have signed this consent form you can leave to participate in the study or 
refusing to answer any questions that you may be uncomfortable, without any 
consequence to you.  
A copy of this document will be maintained in the records of the project and, if you so 
wish, you may obtain a copy for you. 
I have read and understood the information, I give my consent to participate in and to do 
so my son or daughter: ________________________________. 
    Name of the boy or girl 
 
Parent or tutor of the child  
 
 
Name                                                                                      Signing of consent   
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Appendix 5 
CINVESTAV- Mérida Unit 
HUMAN ECOLOGY DEPARTMENT 
SOMATOMETRY LABORATORY 
Phones numbers: 9 42-94-00 y 9 42-94-76 Ext. 2534, Fax 981-46-70 
Migration Human Ecology in Yucatán 
 
FOOD FREQUENCY QUESTIONNAIRE (Folic Acid) 
Name: _________________________________ Date of interview:  _______ / ______ / _______ ID: ____________ 
                    Day      Month      Year 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
CEREALS AND 
TUBERS 
 1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Rice                                  
Oats                                   
Camote 1                                  
Choco Krispy’s                                  
Corn flakes                                  
Cob                                   
Biscuit                                   
Granola                                   
Tortilla                                  
White bread                                  
French bread                                  
Sweet bread                                  
Brown bread                                  
Potato                                  
Yuca 2                                  
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces. 1: Ipomoea batatas; 2: Manihot esculenta;   
 
 
* This translated by the author of this thesis. 
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GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
LEGUMES  1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Red beans                                  
Black beans                                  
Refried 
beans 
(canned) 
                                 
Habas 3                                  
Lentil                                  
Chickpea                                  
Soy                                  
Ibes 4                                  
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces: 3: Vicia faba; 4: Lunatus var. 
 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
FRUITS  1/30 1/1
5 
1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Peach                                  
Strawberry                                  
Fresh orange 
juice 
                                 
Fresh 
grapefruit 
juice 
                                 
Kiwi                                  
Lime                                  
Tangerine                                  
Mango                                  
Apple                                  
Melon                                  
Orange                                  
Pear                                  
Pineapple                                  
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Plantains                                  
Banana 
roatán 
                                 
Banana 
apple 
                                 
Watermelon                                   
Grapefruit                                  
Grapes                                  
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces 
 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SL
I 
PTS 
VEGETABLES  1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Chard                                  
Garlic                                  
Celery                                  
Broccoli                                  
Pumpkin                                  
Onion                                  
Mushrooms                                  
Chaya 5                                  
Squash                                  
Habanero 
Chile 6 
                                 
Jalapeño 
Chile  
                                 
Coriander                                  
Cabbage                                  
Cauliflower                                  
Asparagus                                   
Spinach                                  
Green beans                                  
Lemon                                  
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Romaine                                  
Romaine 
lettuce 
                                 
Cucumber                                  
Pepper                                   
Beet                                  
Green tomato                                  
Red tomato                                  
Precooked 
Mixed 
vegetables 
                                 
Carrot                                  
Radish                                   
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces. 5: Cnidoscolus aconitifolius; 6: Capsicum chinense. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix 
165 
 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI 
ANIMAL FOOD 
ORIGIN 
 1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes     
no 
No 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Pork piece                                 
Chorizo                                 
Chop                                 
Chicken breast 
fillet 
                                
Fish fillet                                 
Beef fillet                                 
Egg                                 
Beef liver                                 
Chicken liver                                 
Pork ham                                 
Turkey ham                                 
Longaniza 7                                 
Skinless chicken                                  
Pate                                 
Skinless breast                                 
Skinless chicken leg                                 
Beef on piece                                 
Sausage                                 
eggplant                                  
Tuna                                 
Cottage cheese                                 
Manchego cheese                                 
Panela cheese                                 
Skim milk                                 
Milk  light                                 
Yogurt                                 
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces 7: Fresh or cured sausage, similar to a sausage, made with minced pork. 
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GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
SUGAR  1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Chocolate                                  
Chocolate  
powder 
                                 
Honey                                  
Soft drink 
bottling 
                                 
Pastries                                  
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces 
 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
FATS  1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Avocado                                  
Butter                                  
Mayonnaise                                  
Cream 
cheese 
                                 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
SEEDS  1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Almonds                                   
Peanuts                                  
Walnut                                  
Pumpkin 
seeds 
                                 
GROUP N MT BW A WEEK DAY COOKED SCOOP CUPS GLASS DISHES SLI PTS 
OTHER  1/30 1/15 1 2 3 4 5 6 7 1 2 3 >4 Yes No 1 2 # 1 2 3 # 1 2 3 # 1 2 3 # # # 
Pie                                  
Brochettes                                  
Beer                                  
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Snuff                                  
Vitamins                                  
Medications                                   
                                  
                                  
                                  
                                  
N: Never; MT: Months; BW: Biweekly; SLI: Slices; PTS:  Pieces 
Consumes vitamins? Yes__________ Dosage _____________ No: _______________________ 
Which? ________________________________________________________ 
Consumes some medications? Yes___________ Dosage ____________ No: _______________________ 
Which? ________________________________________________________ 
Got a restriction some food? Yes__________ Dosage ___________ No: _______________________ 
Which? _________________________________________ Why? ________________________________ 
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Appendix 6               
CINVESTAV-Unidad Mérida 
HUMAN ECOLOGY DEPARTMENT, SOMATOMETRY LABORATORY 
Phones numbers: 9 42-94-00 y 9 42-94-76 Ext. 2534, Fax 981-46-70 
“CHILD AND JUVENILE GROWTH IN YUCATAN” 
SOCIOECONOMIC QUESTIONNAIRE 
1. ADDRESS: ______________________________________________ 2. DATE: _____/_____/____ 3. APPLIED BY: _________ 
  (Street)      (Number)     (Crossover)  (Colony)      Day   Month     Year    (Initials) 
4. STUDENT NAME: 
___________________________________________________________________________________________________ 
    (Father family name)    (Mother family name)    (Names) 
5. MOTHER NAME: _____________________________________________________ 6. BIRTH DATE: ______/______/______ 
   (Father family name)  (Mother family name)   (Names)          Day       Month    Year 
7. FATHER NAME: _____________________________________________________ 8. BIRTH DATE: _______/______/______ 
   (Father family name)  (Mother family name)   (Names)         Day       Month    Year 
CARACTERISTICS OF HOUSING: 
9. NUMBER OF PIECES TO BE USED FOR SLEEP: ___ 10. TOTAL NUMBER OF PEOPLE THAT SLEEP IN THE HOUSE: __ 
11. KITCHEN HAS SEPARATED? (Exclusive)  _____No (0) _____Yes (1) 
12. USUALLY THE WATER TO TAKE IS:   Well water______ (1)  Piped water____ (2) Purified____ (3) 
13. IN YOUR HOUSE:  In the backyard_______ (1) Letrina _______ (2)  Use toilet with sink________ (3) 
14. MAINLY USED WATER IN HOUSING: 
Well water ____ Pipe hauled ____ Pipe in_____ Piped outside dwelling _____ Piped inside _____ 
     (1)  Other dwelling (2)  public pipe wrench (3)  but within the field (4)  dwelling (5) 
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15. POSSESSION 16. FLOOR 17. CEILING 18. WALLS 
Other 
(specify) 
______ 1 
__________ Others     _____ 1 Thatch                _____ 1 Wattle and daub   _____ 1 
Borrowed ______ 2 Ground     _____ 2 Cardboard sheet_____ 2 Cardboard sheet_____ 2 
Rented ______ 3 Cement  _____ 3 Metal/Cardboard   _____ 3 Wood                   _____ 3 
Own in 
payment ______ 4 Tile   _____ 4 Concrete or vault _____ 4 Roof blocks & cement __ 4 
Own paid ______ 5  
(16, 17 y 18 may have more than one option) 
19. ¿How much pay? _______/month 20. Time has paid______ (years) _____ (months) 21. Time to pay ___ (years) ____(months) 
SOCIO-ECONOMIC CHARACTERISTICS 
22. MONEY AVAILABLE TO FOOD: $________________ (day)   $________________ (week)   $______________ (biweekly) 
23. MEDICAL SERVICE: SSA___ (1)    Dr Simi ___ (2)    ISSSTE___ (3)     IMSS___ (4)     Particular___ (5)    Others _____ (6) 
Specify ____________________ 
24 IN CASE OF HAVING MORE THAN A MEDICAL SERVICE ¿WHAT IS THE MOST COMMONLY USED? 
SSA_____ (1)   Dr Simi ____ (2) ISSSTE____ (3)  IMSS____ (4)     Particular____ (5)  Others ____ (6) 
Specify ____________________ 
25. THE STUDENT IS SUPPORTED BY A PROGRAM? _____No (0)_____Yes (1) 26. Which (such as)? ______________ 
1: Opportunities fund (family); 2: Opportunities Scholarship; 3: Opportunities Medical Service;  4: Grant PRONABES; 5: Scholarship 
program “Sharing” (State Government); 6: Children’s Dining Municipal DIF 7. Scholarship in private schools     8: SEP Federal Grant  9: 
Other (specify) 
27. How much receiving? ___________________________________  28. ¿How often?  _____________________________ 
29. Aside from this, or this support, the family has an aid program? _____No (0) ___Yes (1)    30 Which (such as)? __________ 
1: Opportunities fund (family); 2: Opportunities Scholarship; 3: Opportunities Medical Service;  4: Grant PRONABES; 5: Scholarship 
program “Sharing” (State Government); 6: Children’s Dining Municipal DIF 7. Scholarship in private schools     8: SEP Federal Grant  9: 
Other (specify) 
31. How much receiving? ____________________________________  32. How often? _______________________________ 
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IMMIGRATION PROCESS QUESTIONNAIRE                                                 ID: ____________________ 
Fellow 33. Place of birth and where he lived 
City / Town / State / Country 
34. Residence 
Years         Months      Weeks 
35. Reason for migration * 
a. Mother 
 
1º Birth     
2º      
3º      
4º      
5º actually     
b. Father 
 
1º Birth     
2º      
3º      
4º      
5º actually     
c. Ego 1º Birth     
2º      
3º      
4º      
5º      
6º actually     
* There may be more than one reason, put in order of importance according informant: 1) Labour, 2) Education, 3) Staff, 4) Health, 5) other (specify) 
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FAMILY FEATURES 
Name 
 
36. 
Kinship 
(in 
relationship to 
ego) 
37.  
Sex 
 
38.  
Age 
(yrs.) 
 
39.  
Education 
(Maximum 
level attained) 
(39)      Level 
40  
Total of 
years 
(Educa
tion)  
 
41. 
 Marital 
Status 
 
42.  
Occupatio
n 
 
43.  
Branch 
activity 
44. 
Labour 
positio
n 
45.  
Income 
(month) 
in pesos 
46.  
They  
provide 
47. 
How 
much 
provide? 
 Father (1) 1            
 Mother (2) 2            
              
              
              
              
              
              
              
              
Kinship options: Mother, Father, Brother/Sister, Grandmother, Grandfather, Uncle, Aunt, Cousin, Nephew, Niece, None. 
Sex: 1 Male, 2 Female 
Marital Status: Married, Divorced, Separated, Union free, Single 
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ID: ___________ 
THE BIOLOGICAL COMPONENT QUESTIONNAIRE, APPLIED TO THE MOTHER 
48. At what age did her first menstruation? ______ 49. Which month? _________ 50. Which season? _______  
51. What age became pregnant in your child?  __________ 
52. How many weeks or a month of pregnancy was born his son? ___ Months ___weeks. If not answer go to question. 53, if answers go to question. 54 
53. The doctor told if your child was premature?  _______No (0)      _______Yes (1) 
54. What was the weight of your child at birth? _________________ Kg   If not answer go to question 55, if answers go to question 56 
55. The doctor told you if your child was born with low weight? _______No (0) _______Yes (1)  56. What number of birth is his son? ______ 
57. Gave breast milk to your child?  _____No (0) _____Yes (1) 58. If affirmative: How long? _______ (years) ______ (months) 
59. Your child has a chronic disease?  ______No (0)  ______Yes (1) 
60. If affirmative: ¿What/ which? ____________________________________________________________________________________ 
61. What treatment (if is possible write medicaments) ___________________________________________________________ 
62. Now your child is sick? _____No (0)   _____Yes (1) 63. If affirmative: ¿Which? ______________________________________________ 
64. What treatment (if is possible write medicaments) _____________________________________________________________________ 
In relation to the child: parent (P), mother (M), brothers (H), paternal grandparents (AP), maternal grandparents (AM), paternal uncles (TP) and maternal 
uncles (TM) anyone have any of the following diseases have been diagnosed by a doctor? (In his case, include all the family mentioned here). 
In relation to the child: parent (P), mother (M), brothers (H), paternal grandparents (AP), maternal grandparents (AM), paternal uncles (TP) and maternal 
uncles (TM) anyone have any of the following diseases have been diagnosed by a doctor? (In his case, include all the family mentioned here). 
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CONDITION SUFFER CONDITION SUFFER CONDITION SUFFER CONDITION SUFFER 
65. Overweight or 
obesity 
 66. High pressure  67. Cancer  68. Elevated 
triglycerides 
 
69. Diabetes  70. Heart disease  71. High 
cholesterol 
   
 
ANTHROPOMETRIC DATA OF MOTHER AND FATHER 
72. Our study requires its support so we answer sincerely if you are the biological parents of your child: _______No (0) _______Yes (1) 
 
Measuring 
anthropometric 
Mother Father Reporter Measured 
73. Knee Height (cm)     
74. Weight (kg)      
75. Height (cm)     
 
76. Informant: _______________________________________ 
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Appendix 7  
 ID: _____________ 
CINVESTAV-Unidad Mérida 
HUMAN ECOLOGY DEPARTMENT 
SOMATOMETRY LABORATORY 
Phones numbers: 9 42-94-00 y 9 42-94-76 
Ext. 2534, Fax 981-46-70 
Migration Human Ecology in Yucatán 
 
ANTHROPOMETRIC SHEET 
Name: ____________________ Sex: F   / M  Birth date: ____ / ____ / ____ 
   Day    Month  Year 
School: ______________________________________     Level: __________ 
 
Date: FIRST 
MEASUREMENT  
SECOND 
MEASUREMENT 
Weight (kg)   
Height (cm)   
Arm length (cm)   
Mid-arm Circumference (cm)   
Waist Circumference (cm)   
Hip Circumference (cm)   
Calf Circumference (cm)   
Calf Skinfold (mm)       
Subscapular Skinfold (mm)       
Triceps Skinfold (mm)       
Biceps Skinfold (mm)       
Suprailiac Skinfold (mm)       
Knee High (cm)   
Strength (R/L) (kg)                /                 / 
Measurer:   
Recorder:   
Age at menarche: _________ Month: __________ Season: _________ 
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Appendix 8 
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Appendix 9  
Statistical description of folic acid and vitamin B12 intake per day (mean ± SD) for 
age and sex 
. 
Age of groups 
(year) 
n 
Folic Acid 1(µg/day) Vitamin B12
1
 (µg/day) 
Mean ±SD Mean ±SD 
Boys      
10-10.99 11 378.14 193.08 2.77 2.48 
11-11.99 28 420.99 233.63 5.19 17.03 
12-12.99 25 417.00 396.47 1.86 1.64 
13-13.99 22 452.13 277.56 1.79 0.86 
14-14.99 10 376.69 225.00 1.64 0.88 
15-15.99 5 515.52 274.45 5.39 6.59 
16-16.99 8 283.00 248.69 2.31 1.96 
17-17.99 7 413.10 184.88 3.18 2.23 
18-18.99 5 579.18 129.12 5.01 2.48 
Total 121 419.38* 275.08 3.06 8.41 
 
Girls       
10-10.99 12 340.70 198.68 3.08 3.04 
11-11.99 21 276.90 179.81 2.19 2.66 
12-12.99 30 356.15 221.92 2.63 2.76 
13-13.99 29 416.20 252.23 3.91 6.33 
14-14.99 14 283.75 176.12 2.95 3.52 
15-15.99 9 342.21 159.61 1.84 0.59 
16-16.99 15 295.16 145.77 3.81 6.75 
17-17.99 13 349.63 284.13 2.59 2.31 
18-18.99 9 423.26 299.11 4.74 8.29 
Total  152 345.34* 219.47 3.07 4.53 
1
 FAO/WHO(2001) Cut-points Folic acid was:  > 400 µd/day; Vitamin B12: >2.4 µd/day. 
*Differences by sex p<0.05, Wilcoxon rank sum test. 
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Appendix 10  
Descriptive statistics for weight, body mass index (BMI) and waist circumference 
(WC) by age and sex 
 
Age of groups 
(year) 
n 
Weight BMI WC  
Mean (kg) ±SD Mean (Kg/m
2
) ±SD Mean (cm) ±SD 
Boys        
10-10.99 11 36.06 12.13 19.27 4.23 65.16 11.10 
11-11.99 28 39.78 8.45 20.52 3.83 69.91 9.66 
12-12.99 25 44.36 11.61 20.92 4.92 70.41 11.79 
13-13.99 22 55.07 17.45 22.85 5.26 76.34 13.67 
14-14.99 10 60.31 18.19 22.96 5.63 75.69 11.47 
15-15.99 5 66.08 16.83 24.38 4.19 81.54 13.18 
16-16.99 8 62.95 7.59 23.10 3.34 77.62 7.86 
17-17.99 7 73.01 12.49 25.72 5.03 81.38 11.85 
18-18.99 5 73.40 8.29 25.76 3.05 82.26 6.61 
Total  121 50.80 17.13 21.96 4.80 73.39 11.97 
 
Girls        
10-10.99 12 39.42 10.70 19.5 4.39 67.69 11.49 
11-11.99 21 46.50 11.58 21.92 4.04 71.85 9.50 
12-12.99 30 45.87 9.08 21.35 3.84 69.88 9.00 
13-13.99 29 54.26 10.49 23.98 3.76 75.21 8.91 
14-14.99 14 53.53 9.90 22.58 3.08 72.67 6.56 
15-15.99 9 50.82 7.15 22.07 3.02 69.42 5.78 
16-16.99 15 56.19 8.03 23.77 3.14 74.51 7.25 
17-17.99 13 56.48 7.63 23.42 2.20 73.90 5.90 
18-18.99 9 60.65 14.02 24.93 5.94 77.71 12.51 
Total  152 50.85 11.25 22.57 3.94 72.49 8.98 
BMI: Body mass index (weight/height
2
); WC: Waist Circumference 
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Appendix 11  
Skinfold measurements of age and sex 
 
Age of 
groups (year) 
n 
Triceps   Subscapular   Sum of 2 skinfolds  
Mean (mm) ±SD Mean (mm) ±SD Mean (mm) ±SD 
Boys        
10-10.99 11 8.73 3.77 15.10 6.93 23.84 10.40 
11-11.99 28 13.10 6.88 16.59 7.27 29.70 13.96 
12-12.99 25 11.28 6.58 14.86 7.57 26.14 13.96 
13-13.99 22 14.00 7.65 15.91 7.89 29.91 15.31 
14-14.99 10 13.25 8.46 14.41 8.54 27.67 16.69 
15-15.99 5 14.62 8.81 14.60 6.90 29.22 15.60 
16-16.99 8 12.71 5.56 11.40 4.39 24.12 9.56 
17-17.99 7 13.69 4.32 14.57 5.16 28.26 9.17 
18-18.99 5 15.70 6.55 11.73 3.37 27.43 9.04 
Total  121 12.68 6.76 15.05 7.09 27.74* 13.37 
 
Girls        
10-10.99 12 12.07 6.00 15.32 7.28 27.4 12.67 
11-11.99 21 17.14 7.58 18.76 8.05 35.91 15.38 
12-12.99 30 16.18 5.99 16.96 4.84 33.14 10.30 
13-13.99 29 18.93 7.23 20.68 6.81 39.62 13.67 
14-14.99 14 16.12 4.54 18.68 5.68 34.80 9.27 
15-15.99 9 15.11 5.54 18.11 6.06 33.22 10.64 
16-16.99 15 18.69 4.65 19.60 5.06 38.29 9.45 
17-17.99 13 18.84 5.28 20.39 3.74 39.23 7.43 
18-18.99 9 19.02 7.85 20.87 5.62 39.89 13.08 
Total  152 17.09 6.45 18.80 6.19 35.89* 12.09 
*Differences by sex p<0.05, Wilcoxon rank sum test. 
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Appendix 12 
Frequencies of height for sex by Comprehensive reference1, first year of 
measurement 
 
 
z-score 
Gender  
Boys  Girls  Total 
n (%) n (%) n (%) 
Stunted  26 24.15 26 17.11 52 19.05 
Short 27 22.31 43 28.29 70 25.64 
Normal  66 54.55 83 54.61 149 54.58 
Tall  2 1.65 - - 2 0.73 
Total  121 100 152 100 273 100 
1
= Frisancho, 2008 Cut-points are: a: Z < -1.650; b: between Z -1.645 and -1.040; c: between Z -
1.036 and +1.640; d: Z > +1.645 
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Appendix 13 
Descriptive statistics of body composition variables (mean ± SD) for age and sex 
Age of groups 
(year) 
n 
FFM (Kg) TBF (Kg) BF (%) AFI(%)
1
 
Mean ±SD Mean ±SD Mean ±SD Mean ±SD 
Boys          
10-10.99 11 24.37 4.94 11.69 7.29 30.06 8.32 22.84 5.73 
11-11.99 28 26.97 3.14 12.81 5.74 30.73 7.89 30.84 10.88 
12-12.99 25 31.12 4.92 13.24 7.48 27.17 7.78 25.55 8.26 
13-13.99 22 38.19 8.66 16.88 9.97 28.44 8.89 29.38 10.92 
14-14.99 10 42.00 8.54 18.30 10.59 28.57 8.34 26.90 11.50 
15-15.99 5 46.27 7.99 19.80 9.23 28.95 5.62 28.05 11.61 
16-16.99 8 47.15 3.57 15.79 4.79 24.67 4.72 26.13 8.03 
17-17.99 7 54.33 3.98 18.67 8.99 24.32 8.62 25.81 4.08 
18-18.99 5 54.47 3.41 18.91 5.24 25.41 4.46 29.03 9.46 
Total  121 35.72 10.88 15.07 8.04 28.48 7.84 27.64 9.71 
 
Girls           
10-10.99 12 26.19 4.58 13.22 6.44 32.03 6.84 29.85 9.64 
11-11.99 21 29.84 5.18 16.65 6.63 34.48 6.27 36.65 10.70 
12-12.99 30 30.67 3.47 15.19 5.95 32.01 6.34 36.47 9.44 
13-13.99 29 35.15 4.34 19.10 6.56 34.31 5.51 38.68 9.85 
14-14.99 14 36.15 3.62 17.38 6.81 31.44 6.98 35.06 6.97 
15-15.99 9 35.20 2.79 15.62 4.58 30.18 4.78 33.73 9.32 
16-16.99 15 38.05 3.19 18.14 5.44 31.67 5.40 38.59 5.68 
17-17.99 13 38.11 3.22 18.37 4.83 32.04 4.60 38.63 8.02 
18-18.99 9 40.65 5.29 19.99 9.35 31.50 7.76 37.57 9.21 
Total  152 33.79 5.62 17.06 6.45 32.57 6.06 36.56 9.19 
FFM: Fat free mass (equation not published); TBF: Total body fat; BF%: Body fat percent; AFI: Arm fat index. 
1
 Frisancho Comprehensive reference (2011) by sex and age z-score 
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Appendix 14 
 Frequencies of fat free mass, by sex by Comprehensive reference1 
 
z-score 
Sex  
Boys  Girls  Total ǂ 
n (%) n (%) n (%) 
Low a 6 7.50 10 1.30 16 8.38 
Below average b 15 18.75 16 63.16 31 16.23 
Health range c 55 68.75 82 19.74 137 71.73 
Emaciation * e 4 5.00 3 15.79 7 3.66 
Total  80 100 111 100 191 100 
1
= Frisancho, 2008;  z=0.057 p=>0.05, Wilcoxon rank sum test  
Cut-points are: a: Z < -1.650; b: between Z -1.645 and -1.040; c: between Z -1.036 and +1.030; d: Z+1.036 
and +1.640; e: Z > +1.645. 
* Is defined as extreme weight loss and thinness due to a loss of subcutaneous fat (the fatty, or adipose 
tissue beneath the skin) and muscle throughout the body.  
ǂ Participants less than 12.24 years old and was didn’t included in the Frisancho Comprehensive 
references, because this formula not applied  to evaluated children less than these age 
 
 
Appendix 15 
Frequencies of total body fat, by sex by Comprehensive reference1 
 
z-score 
Sex  
Boys  Girls  Total ǂ 
n (%) n (%) n (%) 
Low a 4 5.00 - - 4 2.09 
Below average b 7 8.75 7 6.30 14 7.32 
Healthy range c 54 67.50 95 85.58 149 78.04 
Above average d 9 11.25 7 6.30 16 8.37 
Excess e 6 7.5 2 1.82 8 4.18 
Total  80 100 111 100 191 100 
1
= Frisancho, 2008;  z=-1.473 p=>0.05, Wilcoxon rank sum test  
Cut-points are: a: Z < -1.650; b: between Z -1.645 and -1.040; c: between Z -1.036 and +1.030; d: Z+1.036 
and +1.640; e: Z > +1.645. 
ǂ Participants less than 12.24 years old and was didn’t included in the Frisancho Comprehensive references, 
because this formula not applied  to evaluated children less than these age 
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